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Introduction

C. Cheyney and G. Shewmaker

PASTURES ARE REMARKABLE PLACES. They beau-
tify the landscape, protect soil from erosion, capture
carbon to reduce greenhouse gases, release oxygen for
us to breathe, produce feed for livestock, and provide
habitat for wildlife. Ecologically diverse, well-managed
pastures are relatively resistant to the scourges of dis-
eases and insects, and they seldom need chemical in-
puts to control weeds. What more could we want?

All of Earth’s inhabitants benefit from the ecosystem
services provided by pastures. For example:

e Both rural and urban residents value pastoral land-
scapes. Most people enjoy scenes of animals grazing
well-managed pastures.

e Pastures protect and enrich the soil with their exten-
sive root system.

e Grasses, legumes, and other forbs serve as millions
of little solar panels to capture huge amounts of solar
energy. Through photosynthesis, they convert this en-
ergy into chemical energy and store it in carbohy-
drates, a process that takes carbon dioxide (CO,)
from the atmosphere and releases oxygen. Irrigated
perennial pastures in the Northwest can sequester
88,000 pounds per acre of carbon over 30 years. This
is 160% of the carbon stored in irrigated annual crop-
land. Most of the gain in carbon sequestration in pas-
tures is in perennial plant growth. In addition,
production and harvesting of irrigated pastures emit
only 26% of the carbon emitted to produce and har-
vest annual crops.

Pastures filter sediment and excess nutrients from
overland water flows. They protect the soil from the
impact of raindrops, increase water infiltration and
soil moisture storage, and decrease overland flows.

e Well-managed pastures reduce the loss of nitrogen to
the atmosphere.

Humans are seldom content with a system that func-
tions well, unless it produces food or fiber they can
use. Thus, pastures pose a problem. They store solar
energy primarily in structural carbohydrates (cellulose
and hemicelluloses), which humans cannot digest.
Only certain protozoa and bacteria can utilize the en-
ergy in structural carbohydrates, and they need to live
in a warm, moist, protected environment.

Nature provided a solution to this problem through the
specially adapted digestive tracts of ruminants,
camelids, rodents, and horses. Of these, ruminants
have the most sophisticated digestive system.

The ruminant’s digestive tract has four compartments,
including the true stomach. The largest compartment
is the rumen. The rumen serves as a fermentation vat,
where protozoa and bacteria live in a mutually benefi-
cial relationship (symbiosis) with the animal. The mi-
crobes enzymatically break down otherwise
indigestible structural carbohydrates and use the nutri-
ents to grow and multiply. The remaining forage mass,
as well as some of the microorganisms, are further di-
gested in the ruminant’s true stomach.

The resulting liberated nutrients are absorbed into the
ruminant’s bloodstream through the small intestine, al-
lowing the animal to grow and reproduce. The rumi-
nant then provides humans with fiber and food that is
high in energy, essential amino and fatty acids, and
other nutrients that we would otherwise need to ac-
quire from a variety of plants. Energy and nutrients not
used by the animal are returned to the pasture. There
they are reused in growth processes involving soil,
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plants, animals, microorganisms, and the atmosphere.
Thanks to this system, millions of acres of land that are
unsuitable for intensive cultivation due to soil quality,
erosion, or climate can produce high-quality pasture
and, consequently, high-quality human food.

To obtain these benefits, pastures must be well man-
aged. According to the 2007 Census of Agriculture,
there are 16.2 million acres of domestic pasture in
Idaho, Utah, Oregon, and Washington. Unfortunately,
most of this land is simultaneously overgrazed and un-
derutilized. It produces as little as half of its potential
forage, and grazing animals often utilize as little as half
of the forage produced. Many of these pastures are
characterized by poor energy capture, low yield, poor
water infiltration, high runoff from precipitation, and
the presence of weedy species.

These poorly managed pastures require more fertilizer,
herbicides, water, and fuel than do well-managed pas-
tures. Managers see them as unprofitable because of
high input costs. The combination of high input costs
and low productivity leads to indifferent management,
which in turn fuels a downward spiral of ecological
and economic condition. Ultimately, the pasture
“needs” to be “renovated” at great expense. Without a
change in management, however, history repeats itself
in only a few years!

This cycle can be broken, however. We often hear a lot
about “intensive grazing.” All grazing animals graze “in-
tensively”! What needs to be intensified is manage-
ment. In 1999, Martz, Gerrish, Belyea, and Tate defined
Management-intensive Grazing (MiG) as “a flexible ap-
proach to rotational grazing management whereby ani-
mal nutrient demand through the grazing season is
balanced with forage supply and available forage is al-
located based on animal requirements.”

It would be nice if we could give you a recipe for good
pasture management, but none is available. The num-
ber of variables is too great, and they change too often,
to be reduced to a recipe. What we can give you is
knowledge about the ecological processes involved in
pasture growth and utilization, and an understanding
of how your management influences those processes
for “good” or “bad.” You will still need to practice, how-
ever, for good pasture management is both an art and a
science.

Nobel laureate Max Plank said, “The nature of any sys-
tem cannot be discovered by dividing it into its compo-
nent parts and studying each part by itself. . . . We must
keep our attention fixed on the whole and on the inter-
connection between the parts. . . . The whole is never
equal simply to the sum of its various parts.” So it is
with pastures. Thus, although we will consider the pas-
ture system in parts, we must always keep in mind the
interconnection between the parts. No matter where
you exert influence in the pasture-animal system, you
will affect the entire ecological and economic produc-
tion system for days, seasons, and sometimes years
into the future.



CHAPTER 1

Pasture Resources, Goals, and Planning

S. Williams and S. Baker

PLANNING IS AN IMPORTANT PART of pasture and grazing man- Key Points

agement. Planning begins with inventorying and analyzing resources. e Resource inventory and goal set-
. . ting are interconnected. You can't
The end product is a set of goals and a plan for reaching them. 4o one without the other.

Resources and goals are interconnected. To know whether you are ) ) .
¢ The planning process is cyclical

using your resources efficiently, you need goals. To determine and has four key components: in-
ventory, analysis, planning, and

whether you can reach your goals, you need to identify and inventory implementation

your resources. .
¢ Goals need to be specific, measur-

A plan can be for a week, month, growing season, or year. A plan can able, achievable, and reasonable.

be developed specifically for grazing management, animal manage-

ment, or other aspects of the ranch operation.

In this chapter, we will discuss the planning process, including the

steps involved, the type of information to include in a resource inven-

tory, and how to write effective goals.
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The planning process

The planning process is cyclical in nature and has four
key components: inventory, analysis, planning, and im-
plementation (figure 1.1). Each of these is discussed
below.

INVENTORY

An inventory is a snapshot—it looks at the resources
available at a certain moment in time. It is accurate
only on the day and time it is taken. For example, you
might inventory grazing days available on June 1. By
June 2, after 24 additional hours of grazing or re-
growth, that number will be different. Some resources
change frequently (e.g., number of calves during calv-
ing season). Others remain fairly constant (e.g., corrals
and buildings).

Resources can include available aid, support, means,
funds, supplies, or assets.

There are four major categories of resources: natural,
human, economic, and physical (figure 1.2).

w

Implementation

Figure 1.1. Four steps in the planning process.

Natural resources

Natural resources include land, water, soil, and live-
stock. A complete land inventory should include the
total acres of pasture, hay, grains, other crops, and
waste lands, including weedy areas. Include land own-
ership (rented or leased) and public grazing permits.

If possible, include the number of grazing days for
each pasture. List the forage plants available in each
pasture so that you can monitor plant succession. The
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amount of hay produced or purchased is also impor-
tant. If forage analysis has been completed (see chap-
ter 16), include that information as well.

Water is a necessary resource. It is important to know
how many shares of water are available and when they
are available. Turn-on and turn-off dates can affect
your plan. Record the irrigation method for each piece
of land. Note the efficiency of each method. Include in-
formation on dry and naturally wet areas.

Soil is the base of a pasture (see chapter 3). You can
obtain a soil survey map of your property at
http://soils.usda.gov/survey/ or from your local USDA-
NRCS office. The map will include a written descrip-
tion of the soil type and its limiting factors.

If you have soil test results, include them in your inven-
tory. If you have not obtained a soil analysis for several
years, plan to test a few pastures each year until all of
them have been tested.

Fertilizer records should also be part of the inventory.
Record the amount and type of fertilizer applied to
each field. See chapter 3 for more information on pas-
ture fertility and nutrient management.

The species, production level, and age of livestock will
have a major effect on the number of potential grazing
days. The species will determine the amount of forage,
type of forage, and type of fencing and water system
needed. Pregnant and nursing females have higher nu-
tritional requirements than castrated males. Young
weaned animals need a higher level of nutrition than
mature dry females. See chapter 10 for more information.

Human resources

People are your most important resource. They can be
either an asset or a liability in your quest to achieve
your goals.

As a manager, you need to identify the skills and
knowledge needed for your operation. Then determine
when specific skills and knowledge are needed. For
example, you may need someone who knows how to
change hand lines from May 1 to September 30. You
may need someone to pay bills and balance the books
2 days each month.

The next step is to determine whether anyone involved
in the operation has the knowledge, skills, and desire
to do the needed tasks. If not, you'll need to decide
whether to train someone, hire someone new, or utilize
a consultant or contract service.

Pasture Resources, Goals, and Planning

Economic resources

An economic inventory is an inventory of the dollars
available to the operation. It should include a cash
flow statement and lists of assets, potential income,
and expenses. See chapter 17 for more information.

Physical resources

An inventory of physical resources includes a list of
buildings, working facilities, and equipment. This in-
ventory usually remains fairly constant.

List all of the buildings, including their primary use,
square footage, repairs needed, potential improve-
ments, and location. Many insurance policies contain
this information. Working facility inventories should in-
clude feed yards (including bunk space), stock yards
(type and location of each), chutes, and information on
needed maintenance.

The equipment inventory should include the type of
equipment and year of purchase. Include operating
cost, as well as a planned maintenance schedule, for
each piece of equipment.

ANALYSIS
With your resource inventory in hand, now look at how
you are currently using your resources.

The following are some possible questions:
* How many grazing days am I currently getting?
e Are any areas overutilized or underutilized?

e Are my livestock reaching their genetic potential
for weight gain?

Answering these questions with data from your ranch
will allow you to establish a baseline for your operation.

PLANNING

After establishing a baseline of your current situation,
you can begin planning to improve your resource use
and increase your operation’s success. In the planning
stage, you will first set priorities and goals. An example
of a goal might be to “provide enough forage of ade-
quate quality for 300 cow-calf pairs from April 20 to
December 30.” Then you can develop a detailed plan
with specific steps to ensure that your goals are met.

Goals need to be SMART. SMART goals are “Specific,
Measurable, Achievable, Realistic, and Timely.”

Goals also need to be flexible. It has been said that
“failure to make adjustments is to go the way of the

5
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buggy-whip manufacturers who failed to notice Henry
Ford.” Few things are constant, so we must be willing
to change our goals to adapt to new situations.

Goals should not conflict with one other. Saying yes to
one item means saying no to something else. For ex-
ample, setting a goal to increase grazing days by graz-
ing fields you hayed in the past would conflict with a
goal of increased hay production.

Goals must be realistic and manageable. If they are
not, we tend to become frustrated and stop working to-
ward them.

As you determine your goals, write them down. Deter-
mine where you are right now in relation to each goal.
List all potential obstacles to reaching the goal as well
as possible solutions to these obstacles.

Next, write down the steps necessary to reach each
goal. Set a timetable for taking these steps. Finally, de-
termine the cost of achieving each goal. Assigning a
cost to each goal gives you direction, focus, and a stan-
dard of measurement.

After you have completed this process, you will be able
to write out your goals in a structured way. This helps
make your goals official and will help you stay on track
as you implement your plan. There are four parts to a
written goal: action, result, timetable, and cost (table
1.1).

e Action is the change you would like to see.
¢ Results are what you are going to achieve.

e A timetable tells how long it will take to accom-
plish the goal.

e Costs tell how much it will cost to accomplish
the goal.

In summary, remember the following when setting
goals:

e Choose the right goals. Make sure they are
SMART goals.

e Make your goals official by writing them down
and sharing them with family and employees.

¢ Create a plan to achieve your goals.
e Stick to the plan.

e Stay flexible.

Table 1.1. Example goals with action, result, timetable, and cost.

Action Result Timetable Cost
Wanttoincrease  Conying capacity 54 $10,000
by 30 head !
Want to gain 25 grazing days By 2011 $2,000
IMPLEMENTATION

In the implementation phase, you will apply these
processes or steps. Plans often change during imple-
mentation. What looks good on paper does not always
implement well. It is important to continually inven-
tory and analyze your resources to see whether the
plan is working.

For more information

USDA Natural Resources Conservation Service soil sur-
veys. http://soils.usda.gov/survey/
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CHAPTER 2

Species Selection and
Grazing Management Guidelines

D. Ogle, L. St. John, and K. Jensen

PASTURES COMMONLY ARE CULTIVATED FIELDS planted to in-
troduced grasses and legumes. The objectives or goals of pasture
plantings may include:

e Livestock grazing or hay

¢ Forage to improve animal nutrition

¢ FForage to improve animal health

¢ A more balanced forage supply

¢ Forage for low-production periods

¢ Forage for winter use

e Forage for earlier or later season of use

¢ Food/habitat for wildlife

¢ Reduced soil erosion and sedimentation

¢ Improved soil quality

e Improved water quality

All of these goals are achievable when the pasture plant community is

healthy. Healthy pasture plants capture energy from the sun and facil-

itate water and nutrient cycling.

This chapter discusses factors that will help you choose appropriate

grass and legume species for your pasture. It includes descriptions of

common pasture species, including areas of adaptation, growth char-

acteristics, use, and grazing management recommendations.

Key Points

e Select pasture forage species that
are adapted to your site conditions,
livestock needs, and management
style.

¢ Manage grazing to maintain pas-
ture and livestock health based on
the optimum season of use and
appropriate grazing/stubble
heights for your forage species.
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Species selection

Select plant species on the basis of site conditions and
what the species can contribute to your objectives.
Keep in mind the following:

® Recognize that each site is unique and that condi-
tions change with the seasons and over time.

e Select species that will accommodate your graz-
ing goals and type(s) of grazing animals.

e Plant forages that will best match your manage-
ment style.

¢ Choose species with regrowth characteristics
that will meet your objectives.

e After selecting species, choose varieties that will
provide good yield, quality, and disease resist-
ance.

¢ Be sure that the planned seeding is within your
economic capabilities and that you can complete
the planting with available manpower and equip-
ment.

Remember, species that are not adapted to the site or
to its intended use will fail even if all other require-
ments are met.

We recommend that you review your local soil survey,
which describes your farm’s soils and their characteris-
tics. Soil surveys are prepared by the USDA Natural
Resources Conservation Service. Most are available
online (http://soils.usda.gov/survey/), although some
are available only in hard copy from local USDA-NRCS
offices.

Soil surveys include maps, photos, descriptions, and
tables. The tables contain detailed information about
soil uses such as crops, pasture, rangeland, recreation,
and engineering. They also include information about
depth to rock or restrictive layers, soil texture, perme-
ability, water-holding capacity, soil chemical character-
istics, soil salinity, soil reaction (pH), and erosion.
Climate information includes the average frost-free
period and annual precipitation.

Use these site characteristics to help select adapted
grasses and legumes. Before choosing a species or
mixture of species, consult the species descriptions in
this or other pasture guides. See table 2.1 for more in-
formation.

DRYLAND PASTURE

Generally, only perennial species should be planted on
non-irrigated sites. Perennial plants provide a depend-
able source of nutritious forage and do not require an-
nual seedbed preparation and seeding.

The risk of seedling failure increases as annual precipi-
tation declines. For example, an area that receives 16
inches of annual rainfall has a greater chance of
seedling establishment than an area that receives less
than 12 inches of annual precipitation.

Consider adding adapted forbs and legumes to the
planting. They add diversity, increase forage yield, and
contribute to improved soil and forage quality.
Legumes also fix nitrogen (N).

Some legumes, such as alfalfa and clovers, may cause
grazing animals to bloat (see chapter 12). Others, such
as sainfoin, birdsfoot trefoil, and cicer milkvetch, do
not cause bloat. Small burnet is a non-bloat, non-legu-
minous forb.

Siberian wheatgrass, crested wheatgrass, Russian
wildrye, forage kochia, and sweetclover are best
adapted to areas receiving less than 12 inches of an-
nual precipitation. These species are more widely used
for grazing rather than haying. Altai wildrye, intermedi-
ate and pubescent wheatgrass, and alfalfa perform best
in areas receiving 12 inches or more annual precipita-
tion, where they produce more than crested wheat-
grass.

In regions exceeding 15 to 18 inches of annual precipi-
tation, meadow brome, smooth brome, tall fescue, or-
chardgrass, small burnet, alfalfa, sainfoin, cicer
milkvetch, and birdsfoot trefoil provide increased for-
age production and quality. On wet soils, consider
creeping foxtail, timothy, tall fescue, cicer milkvetch,
birdsfoot trefoil, and clover species.

On wet, saline sites where the water table is within

3 feet of the soil surface, consider tall wheatgrass,
‘NewHy’ hybrid wheatgrass, Altai wildrye, tall fescue,
western wheatgrass, or strawberry clover. On dry,
saline sites with less than 16 inches of annual precipi-
tation, consider Russian wildrye, tall wheatgrass, or
western wheatgrass. On both wet saline and dry saline
sites, consider including slender wheatgrass in the
seed mixture as a cover crop species at no more than
1 pound per acre. Slender wheatgrass is saline-tolerant
and easy to establish, but will not persist in the stand
for more than 2 or 3 years.
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Table 2.1. Growth stage for grazing or harvesting forage, stubble height, optimum season of use, and regrowth ability.

Minimum plant height before and after haying or grazing (inch)

Before Stubble Optimum season of use? Regrowth ability

GRASSES
Brome

Meadow 8 4 Sp/Su/F Good

Smooth 8 4 Sp/Su/W Poor
Cereals, grains 8 4 F/W/Sp Good
Creeping foxtail 6 4 Sp/Su/F Excellent
Festulolium 810 10 3 Sp/F Good
Kentucky bluegrass 5 2 Sp/F Excellent
Orchardgrass 8 4 Sp/Su/F Good
Perennial ryegrass 8to 10 3 Sp/Su Good
Reed canarygrass 8 4 Sp/Su Excellent
Tall fescue 6 4 Sp/F/W Good
Timothy 6 4 Sp/Su Fair
Wheatgrass

Crested 6 3 Sp/F Poor

Intermediate 8 4 Sp/Su/F Good

Pubescent 8 4 Sp/Su/F Good

Siberian 6 3 Sp/F Poor

Tall 10 6 Su Fair

Western 4 3 Sp/F/W Fair
Wildrye

Altai 8 6 Sp/Su/F/W Good

Basin 10to 12 10 F/W Poor

Russian 8 3 Su/F/W Good
LEGUMES AND OTHER FORBS
Alfalfa 6 3 Su/F Excellent
Birdsfoot trefoil 6 3 Su Excellent
Cicer milkvetch 4 3 Su/F Excellent
Clover

Alsike 6 3 Sp Excellent

Red 6 3 Sp Excellent

White (Ladino) 6 3 Sp Excellent
Sainfoin 12 6 Sp/Su Good
Small burnet 12 6 Su/F/W Good
Sweetclover 8 6 Su Excellent

@ Sp = spring; Su = summer; F = fall; W = winter

9
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PRECIPITATION OVER 18 INCHES AND
IRRIGATED PASTURE

The easiest type of pasture to manage consists of a sin-
gle grass with or without a legume. A single species is
easier to seed and establish and more uniformly palat-
able than multiple-species seedings. It also requires a
lower level of management. This type of planting is
often suitable for a specific class of animal on a site
with uniform soil, landscape, and moisture conditions.
It has the advantage of allowing you to match your soil,
climate, and grazing resources to your management,
resources, and goals.

In this scenario, you likely know the type of grazing an-
imal. Understanding soil and climatic limitations can
be more difficult, but is essential to long-term success.
After identifying all of your resources and environmen-
tal conditions, you can choose a forage species and
seed at the appropriate depth, time, and rate. Daily and
seasonal management decisions (such as Management-
intensive Grazing) then become keys to long-term suc-
cess.

For irrigated seedings, simple mixes including a grass
(such as orchardgrass or meadow brome) and a
legume (such as alfalfa, sainfoin, or cicer milkvetch)
are recommended. Simple grass-legume mixes require
less total seed than a complex mixture. They produce
as much forage as complex mixtures and are easier to
manage and graze uniformly.

A simple grass-legume mix is also easier to establish in
alternate rows, which is recommended when possible
(figure 2.1). Seeding the grass and legume in alternat-
ing rows allows both species to establish in their own
rows with minimal competition between the grass and
legume. Partitioning a drill box into alternating rows of
grass and legume seed is one way to accomplish alter-
nate-row seeding. Another method is to use a grass or
grain box for the grass and an alfalfa or fluffy box for
the legume. Route the seed flow accordingly in an al-
ternate-row fashion.

On irrigated sites, annual species, such as cereal grains
and ryegrass, may be a viable alternative, depending on
your objectives and forage needs. They require prepar-

ing a new seedbed and planting each year, however.

In mountainous or rolling areas, or in fields with multi-
ple soil types or moisture conditions, mixes of multiple
grasses or grass-legume-forb mixes may be desirable.
On these sites, pastures with multiple plant species
often perform better than a monoculture. Under these
conditions, plant diversity confers several advantages:

Figure 2.1. Alternate-row planting of Russian wildrye and alfalfa.
(Photo by Larry Holzworth, USDA Natural Resources Conservation Service,
Montana)

e Legumes increase forage quality and add valu-
able N to the soil. (They may, however, limit
weed-control options.)

¢ Diversity increases resistance to pests.

¢ A mixed seeding can ensure that one or more of
the species will establish and survive under vari-
ous environmental conditions.

Complex mixtures may include grasses such as inter-
mediate wheatgrass, meadow brome, and orchard-
grass. In many situations, the addition of a forb such as
small burnet will add diversity to the planting.
Legumes that fix N, both bloat-type species (for exam-
ple, alfalfa and clovers) and non-bloat species (for ex-
ample, sainfoin, birdsfoot trefoil, and cicer milkvetch)
increase soil N and forage quality.

As the number of species in a mixture increases, pas-
ture management must become more complex in order
to maintain the composition and health of the stand.
With mixtures of two or more species, relative palata-
bility is of major importance. If species differ in palata-
bility, the more palatable species will decline due to
excessive grazing. The result may be a single-species
stand invaded by aggressive annual and perennial
weeds. For example, tall fescue is high-yielding and
very competitive, but it is less palatable than many
other irrigated forage species. In a mixed seeding, it
will dominate the stand after several years.

Management-intensive Grazing can overcome the ten-
dency of animals to overgraze the more palatable
species. Ultimately, a pasture diverse in species com-
position is desirable, but in the long term species com-
position depends more on grazing management than
on what is seeded.



See chapter 4 for more information on seeding meth-
ods, rates, and mixtures.

See chapters 13-15 for grazing management recom-
mendations.

If you plan to cut forage for hay or use a less intensive
grazing system, it is better to plant a simple mixture of
one grass species and a single legume. If you do plant
more than one grass species, select species similar in
palatability.

Pasture species—grasses

BLUEGRASS, KENTUCKY (POA PRATENSIS)
Kentucky bluegrass is a long-lived, introduced, shal-
low-rooted, sod-forming perennial grass.

Adaptation and use—Even with 18 inches of annual
precipitation, Kentucky bluegrass does not provide
much forage. Irrigation or additional rainfall is re-
quired for good forage production. In the Intermoun-
tain West, Kentucky bluegrass is not recommended for
pasture planting, except for use as high-quality horse
pasture. However, under irrigated conditions it com-
monly comes in on its own if the pasture is overgrazed.

Existing Kentucky bluegrass pastures can provide
highly palatable forage and fair to good yield if man-
aged through irrigation, a good fertility program, and
periodic ripping or chiseling of the root zone. Kentucky
bluegrass generally is not harvested for hay because of
its short stature and very fine stems and leaves, which
can be difficult to cure properly for hay.

Grazing management—Grazing can begin in spring
when grass is 5 inches tall. Remove livestock when
stubble height is approximately 2 inches. Regrowth
ability is excellent. Livestock can be rotated back onto
Kentucky bluegrass pastures when regrowth is approx-
imately 6 inches tall.

BROME, MEADOW (BROMUS BIEBERSTEINI
[SYN. B. RIPARIUS])

Meadow brome is a long-lived, introduced, deep-rooted
perennial grass with short (4- to 6-inch) rhizomes.

Adaptation and use—Meadow brome is an excellent
choice in areas that are prone to frost in early to late
spring. It is one of the earliest sources of spring forage
available. This species is palatable to all classes of live-
stock and wildlife. It is productive and compatible in
mixtures with legumes such as alfalfa, sainfoin, cicer
milkvetch, and birdsfoot trefoil.

Species Selection and Grazing Management Guidelines

Growth begins in early spring, and productivity is very
high during the cool season. This species is also capa-
ble of strong summer growth when fully irrigated.
Meadow brome initiates regrowth more quickly than
smooth brome, even during high summer temperatures.

Grazing management—Meadow brome reaches full
productivity in 2 to 3 years. Because it establishes
roots slowly, livestock can easily uproot young plants.
New plantings should not be grazed until late summer
or early fall under irrigated conditions. Under dryland
conditions, do not graze until the second year. Harvest-
ing for hay during the establishment period is recom-
mended.

On established stands, begin spring grazing when the
forage is 8 inches tall. Remove livestock when stubble
is 4 inches tall. Meadow brome recovers quickly from
grazing if soil moisture is available, as it initiates re-
growth from existing tillers and not from the crown. A
21- to 28-day recovery period is recommended.

Four to 6 inches of fall regrowth will build food re-
serves to provide for early growth the following spring.

BROME, SMOOTH (BROMUS INERMIS)
Smooth brome is a long-lived, introduced, aggressive,
sod-forming grass.

Adaptation and use—Smooth brome is best adapted
to moist, well-drained soils where annual precipitation
is at least 14 inches or the pasture is irrigated. It is very
shade-tolerant.

Seedlings are often weak, but established plants spread
via rhizomes to provide full stands. Smooth brome is a
very aggressive grass that generally does not allow in-
vasion by other species. It often invades adjacent pas-
tures and areas along ditches, canals, drains, and
streams. It can be a serious weed in these areas.

Smooth brome is high in crude protein, low in crude
fiber, and highly palatable. It is compatible in mixtures
with legume species such as alfalfa, sainfoin, cicer
milkvetch, and birdsfoot trefoil.

Vegetative growth begins in early spring, and most
growth occurs during the cool spring period. Smooth
brome is slow to regrow, even under fully irrigated
conditions, because new tillers must develop before
initiating above-ground growth.

Grazing management—New stands do not tolerate
heavy grazing and may die out if utilized heavily when
young.

1
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Stockpiling for fall, winter, and early spring grazing
should begin between the first of June and the begin-
ning of July. Grazing should not occur until smooth
brome has reached 8 inches tall. Remove livestock
when stubble is 4 inches tall. Regrowth is initiated
from the crown and rhizomes, and recovery is slow. A
rest period of 35 to 42 days is recommended between
grazing periods.

CANARYGRASS, REED (PHALARIS
ARUNDINECEA)

Reed canarygrass is a long-lived, introduced, widely
adapted, coarse, vigorous, productive, sod-forming grass.

Adaptation and use—Reed canarygrass is frost-toler-
ant and suited to wet soils with a pH of 4.9 to 8.2. Ini-
tial stands are often poor because of poor germination
and weak seedlings. Once established, reed canary-
grass can withstand continuous water inundation for
70 days in cool weather. Reed canarygrass invades wet
areas along ditches, canals, drains, and streams and is
a serious weed in these areas.

This species produces high forage yields on moist, fer-
tile soils that are high in N and organic matter. When
fertility is limiting, it becomes sod-bound. Mature
stands are unpalatable, requiring careful grazing and
haying management for quality forage production.
Reed canarygrass contains alkaloids that repel herbi-
vores. The lack of palatability and poor animal per-
formance often seen with this species may result from
the presence of these alkaloids. Newer varieties con-
tain lower levels of alkaloids.

Grazing management—In spring, early and frequent
grazing (with rotations as often as 2 weeks) helps pre-
vent or reduce stem and panicle production. Grazing
should occur when reed canarygrass has reached

8 inches tall. Remove livestock when stubble is

4 inches tall. The recommended rest period is approxi-
mately 14 to 21 days. Forage quality can be maintained
by not allowing growth over 12 inches tall.

FESCUE, TALL (SCHEDONORUS PHOENIX
[SYN. FESTUCA ARUNDINACEA))

Tall fescue is a long-lived, introduced, deep-rooted,
high-yielding, cool-season bunchgrass.

Adaptation and use—Tall fescue is suited to irriga-
tion, sub-irrigation, moderately wet conditions, and
dryland areas where effective annual precipitation ex-
ceeds 18 inches. It performs very well in acidic soils, as
well as in soils that are moist, saline, and alkaline (pH

4.7 t0 9.5). It is not well adapted to sandy soils with
prolonged droughty periods.

The leaves’ thick cuticle helps tall fescue stay green into
early winter. Thus, it can be stockpiled for winter use.

Tall fescue is recommended as a monoculture seeding
or as part of an alternate-row planting. It is very com-
petitive and tends to out-compete other speciesin a
mixture. It has lower palatability than most pasture
grasses, so other species often are overgrazed and
eventually eliminated from the pasture.

Avoid turf-type tall fescues for grazing use. Fungal en-
dophyte problems can develop in livestock grazing on
tall fescue when the endophyte is in the seed, the only
time the plant can become infected. Infected tall fes-
cue plants produce alkaloids that cause fescue foot,
bovine fat disorder, and fescue toxicosis disorders (see
chapter 12). Toxin concentration is greatest in the in-
florescence, moderate in stems and leaf sheaths, and
lowest in leaf blades. You can reduce or eliminate this
problem by using endophyte-free seed or new varieties
with endophytes that don’t produce toxins.

Grazing management—Growth begins in early
spring, and grazing should begin after plants are at
least 6 inches tall. Maintain stubble height at 4 inches.
Regrowth is good in cool spring and fall weather, but
only fair during summer heat. The recommended rest
period between grazing cycles is approximately 21 to
28 days. Frequent spring grazing cycles when plants are
in the vegetative stage will help reduce alkaloid con-
centrations in animal diets if the endophyte is present.

FESTULOLIUM (FESTULOLIUM BRAUNII)
Festuloliums are derived from a cross between either
an Italian or perennial ryegrass and meadow fescue.
Meadow fescue traits provide persistence, ease of es-
tablishment and management, and good disease resist-
ance. The high palatability and forage qualities of
ryegrass are combined with seasonal productivity of
meadow fescue. Although first developed in the 1950s,
most festuloliums are relatively new varieties, and lit-
tle forage research data or experience is available.

Adaptation and use—Festuloliums are suited to fer-
tile soils with irrigation, including sub-irrigation, and to
humid areas where effective annual precipitation ex-
ceeds 18 inches. Persistence may be short term.

Grazing management—Growth begins in early
spring, and grazing should begin after plants are 8 to
10 inches tall. Maintain stubble height at 3 to 4 inches.



Regrowth is good in cool spring and fall weather and
better than that of perennial ryegrass during summer
heat. The recommended rest period between grazing
cycles is approximately 21 to 28 days.

FOXTAIL, CREEPING (ALOPECURUS
ARUNDINACEUS)

Creeping foxtail is a long-lived, introduced, cool-sea-
son, deep-rooted, dense, sod-forming grass. Creeping
foxtail is similar in appearance to timothy, but seed
heads generally are black and hairy.

Adaptation and use—Creeping foxtail is very well
adapted to wet, acidic, poorly drained sites. It has
slight to moderate saline/alkaline tolerance, but pro-
duces abundant excellent-quality forage on wet, fertile
sites. It is suited to irrigation, sub-irrigation, moder-
ately wet to very wet conditions, and to dryland areas
where effective annual precipitation exceeds

18 inches. On wet sites, it is usually superior to other
adapted grasses such as reed canarygrass and timothy.
It is very cold-tolerant and can persist in areas where
the frost-free period averages less than 30 days.

Creeping foxtail invades wet areas along ditches,
canals, drains, and streams and can be a serious weed
in these areas.

Creeping foxtail is productive and compatible in mix-
tures with legume species such as cicer milkvetch and
birdsfoot trefoil.

Seed is very light and difficult to drill without the use
of cracked corn, rice hulls, or other carriers. Creeping
foxtail has low seedling vigor, but once established it
spreads readily by rhizomes.

Productivity is very high during the cool season. This
species is also capable of strong summer growth when
fully irrigated, and leaves remain green until after hard
frosts in the fall.

Grazing management—Growth begins early in the
spring. Spring grazing should begin after the forage is

6 inches tall. Remove livestock when stubble is 4 inches
tall. Creeping foxtail recovers quickly from grazing if
soil moisture is available, and regrowth ability is excel-
lent. A 21- to 28-day recovery period is recommended.

ORCHARDGRASS (DACTYLIS GLOMERATA)
Orchardgrass is a long-lived, deep-rooted, high-yield-
ing, introduced bunchgrass.

Adaptation and use—Orchardgrass does best on
soils with few limitations and good drainage. Avoid
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shallow and sandy soils. At 18 inches of annual precipi-
tation, orchardgrass does not provide much forage. Irri-
gation or additional rainfall is required for good forage
production. Orchardgrass is shade-tolerant. It is more
vulnerable to diseases than many pasture grasses.

Orchardgrass is less winter-hardy than meadow brome,
smooth brome, timothy, or creeping foxtail. It is not
well adapted to areas with cold, dry winters. Produc-
tion is also lower in areas that commonly experience
mid- to late-spring frost. Other species may be a better
selection under these conditions.

Orchardgrass is highly palatable to livestock and wildlife,
especially in the early part of the growing season. It is
widely preferred by all classes of livestock and wildlife.
It is used for hay, pasture, or silage. It is compatible in
alfalfa, sainfoin, and clover mixes. It is also used in
erosion-control mixes, primarily for its forage value.

Varieties are early-, mid-, and late-season in maturity.
Late-season varieties are preferred in mixtures with al-
falfa.

Grazing management—Do not graze new plantings
until late summer or fall of the first growing season.
Harvesting for hay during the establishment period is
recommended.

On established pastures, orchardgrass initiates growth
early in the spring, with long, folded leaves arising
mostly from the plant base. For optimum forage quality
and regrowth, harvest orchardgrass while still in the
boot stage. Grazing should begin when growth reaches
approximately 8 inches. Remove livestock when plants
have at least 4 inches of stubble height remaining.
Regrowth is good when plants are properly grazed. A
28- to 3b-day recovery period is recommended.
Orchardgrass does not tolerate close or continuous
grazing, because energy is stored mainly in the lower
stems and leaf parts. Close grazing in the fall is associ-
ated with winter kill. Winter grazing should be limited
to 60 percent of annual growth.

RYEGRASS, PERENNIAL (LOLIUM PERENNE)
Perennial ryegrass is an introduced, short-lived, rapidly
establishing, vigorous bunchgrass.

Adaptation and use—Perennial ryegrass is adapted
to a wide variety of soil conditions. For high yields, it
requires as much as 30 to 50 inches of precipitation or
irrigation and large nutrient inputs. This species does
best where winters are mild. Perennial ryegrass prefers
acidic to mildly basic soils (pH of 5.0 to 8.0).
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Perennial ryegrass is moderately productive and pro-
duces high-quality forage. Because it is strongly pre-
ferred by grazing animals, it is not recommended in
mixtures with other grasses. It also may retard the es-
tablishment of other perennials if seeded too heavily in
a mixture.

In cooler regions of the Intermountain West, treat this
species as an annual. It will provide good forage for
grazing within 60 to 90 days following planting, but
probably will not maintain a full stand the following
year.

Perennial ryegrass often contains a fungal endophyte
that is linked to the occurrence of ryegrass staggers
(see chapter 12). There have been reports of ryegrass
staggers in Oregon and California. You can reduce or
eliminate this problem by using endophyte-free seed,
although production may be lower.

Because of the need for high fertilizer application
rates, split applications are recommended.

Grazing management—Grazing can begin when vege-
tation is 8 to 10 inches tall. Leave a 3-inch stubble
height. Perennial ryegrass has good recovery after graz-
ing. A 21- to 28-day recovery period between grazing
cycles is recommended. Perennial ryegrass tends to go
dormant when summer temperatures exceed 80°F.

TIMOTHY (PHLEUM PRATENSIS)
Timothy is a short-lived, shallow-rooted, introduced,
perennial bunchgrass.

Adaptation and use—Timothy is adapted to cool,
humid areas and to high elevations. It is adapted to irri-
gated areas and areas with effective annual precipita-
tion of at least 18 inches. It produces moderate to high
yields on wet, fertile soils. It is compatible in mixes
with legumes.

Timothy establishes quickly and volunteers readily on
preferred sites. It invades wet areas along ditches,
canals, drains, and streams and can be a serious weed
in these areas.

Timothy is preferred by cattle and horses, and timothy
hay is a premium feed for horses. This species is very
palatable in late spring and early summer, but only
moderately palatable in late summer and fall (after
seedhead development). It is late-maturing.

Timothy can also be used for ground cover and erosion
control on cut or burned-over forest land.

Grazing management—In spring, the crowns form
swollen, bulb-like internodes that store energy. Close
grazing and trampling during moist conditions can
damage these internodes and severely reduce stands.

Begin grazing during the vegetative stage, after grass
has reached at least 6 inches in height. A 4-inch stubble
height should remain following grazing. Timothy
should be hayed before seedheads have emerged from
the boot. It regrows slowly following grazing or haying.
A 28- to 3b-day recovery period between grazing cycles
is recommended.

WHEATGRASS, CRESTED

Crested wheatgrass growth begins early in the spring.
Following heading, protein levels drop rapidly, and for-
age becomes coarse and less desirable. Growth may
begin again in fall if moisture is available.

Standard-type crested wheatgrass (Agropyron
desertorum) is adapted to a wide range of sites and to
precipitation zones as low as 9 to 10 inches. This
species is more drought-tolerant than Fairway-type
crested wheatgrass. Above 6,500 feet elevation, expect
lower plant vigor and reduced stands.

Fairway-type crested wheatgrass (Agropyron
cristatum) is similar to standard crested wheatgrass
but shorter statured and earlier maturing. It also has
finer stems and leaves. It establishes on similar sites
(10 to 18 inches annual precipitation), but is better
adapted to higher elevations. It does not survive as
well as standard crested wheatgrass under prolonged
drought conditions.

Hybrid crested wheatgrass (Agropyron cristatum x
A. desertorum) is a hybrid cross between standard-
type and induced tetraploid Fairway-type crested
wheatgrass. Seedlings are very vigorous during germi-
nation and early establishment. It is adapted to a wide
range of sites and to annual precipitation zones as low
as 9 to 10 inches. This species is more drought-tolerant
than Fairway-type crested wheatgrasses.

Grazing management—Begin grazing after plants
have reached the 6-inch growth stage. To maintain
long-term plant health, leave 3 inches of stubble at the
end of the grazing period or going into winter. In
spring, a 28- to 35-day recovery period between grazing
periods is recommended. Crested wheatgrass has poor
regrowth ability in early to late summer, primarily be-
cause it goes dormant following heading and in hot
weather.



Fall grazing is possible in some years following fall
rains. Late-fall and winter grazing requires protein sup-
plements. To avoid grass tetany, ensure that adequate
stubble remains following fall grazing or supplement
livestock with magnesium and calcium during spring
grazing. Grazing stubble with spring green-up reduces
the risk of tetany.

WHEATGRASS, INTERMEDIATE AND
PUBESCENT (THINOPYRUM INTERMEDIUM)
Intermediate wheatgrass is a mildly rhizomatous, sod-
forming, late-maturing, long-lived, introduced grass.
Pubescent and intermediate wheatgrass are very simi-
lar, but pubescent wheatgrass has pubescence (fine
hairs) on the leaves and seedheads.

Adaptation and use—Intermediate and pubescent
wheatgrass are recommended for upland, medium- to
fine-textured soils. Intermediate wheatgrass is best
adapted to areas with 13 to 18 inches of annual rainfall,
while pubescent wheatgrass is suitable for areas with
11 to 18 inches of annual rainfall. Both are somewhat
saline-tolerant (electrical conductivity of 6 to

12 mmhos/cm). Neither is shade-tolerant.

This species is excellent for situations where only one
to three irrigation applications are possible. It readily
responds to irrigation and fertilization with increased
forage production, but can withstand extended
drought periods without irrigation.

Intermediate and pubescent wheatgrass are suited for
use as hay and pasture, alone or with alfalfa or other
legumes. Both are useful for soil stabilization and ero-
sion control on disturbed sites.

This species begins growth early in the spring and re-
mains green and palatable into the summer, producing
large amounts of nutritious forage. Forage quality and
growth are reduced during mid- to late summer.

Grazing management—On established stands, begin
spring grazing after grass has reached a height of

8 inches. Regrowth following grazing is good if soil
moisture is available. Nitrogen application significantly
increases forage production and regrowth following
clipping or grazing under irrigated conditions. On irri-
gated pasture with high moisture conditions, allow a
21- to 28-day recovery period in the spring. A longer re-
covery period may be needed in late spring, early sum-
mer, and fall. Leave a 4-inch stubble height after each
grazing period and going into winter. Heavier grazing
will result in reduction and eventual loss of the stand.

Species Selection and Grazing Management Guidelines

WHEATGRASS, SIBERIAN (AGROPYRON
FRAGILE)

Siberian wheatgrass is a long-lived, drought-tolerant,
vigorous, winter-hardy, introduced bunchgrass.

Adaptation and use—Siberian wheatgrass is well
adapted to medium loam to light, sandy, droughty soils.

Siberian wheatgrass has finer leaves than crested
wheatgrass and retains its greenness and palatability
later into the summer. It yields less than crested wheat-
grass during normal rainfall years, but generally pro-
duces higher yields than crested wheatgrass during
periods of extended drought. It is adapted to sites with
as little as 7 to 16 inches of annual precipitation.

Siberian wheatgrass is palatable to all classes of live-
stock. It is a preferred feed in spring and again in fall if
soil moisture is available and regrowth occurs. Follow-
ing heading, protein levels drop rapidly. Forage be-
comes coarse and less desirable in early to mid-
summer. Late-fall and winter grazing requires protein
supplements.

Grazing management—Growth begins early in the
spring. Begin grazing after plants have reached the
6-inch growth stage. To maintain long-term plant
health, leave 3 inches of stubble at the end of the graz-
ing period. In spring, a 28- to 35-day recovery period
between grazing cycles is recommended. Siberian
wheatgrass has poor regrowth ability in summer, pri-
marily because it goes dormant following heading dur-
ing the heat of the summer.

Growth resumes with fall moisture, and fall grazing is
possible in years when sufficient regrowth occurs.

To avoid grass tetany, ensure that adequate stubble re-
mains following fall grazing or supplement livestock
with magnesium and calcium during spring grazing.
Grazing stubble with spring green-up reduces the risk
of tetany.

WHEATGRASS, TALL (THINOPYRUM
PONTICUM)

Tall wheatgrass is a long-lived, tall, coarse, vigorous,
late-maturing, winter-hardy, introduced bunchgrass.

Adaptation and use—Tall wheatgrass is adapted to a
wide range of soils and climates. It is recommended for
14-inch or higher annual rainfall zones or sites with high
water tables. Once established, tall wheatgrass tolerates
saline, alkali, and high water table conditions better
than most grasses. It is adapted to saline areas such as

15
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greasewood and saltgrass sites where the water table is
from a few inches to several feet below the surface.

Tall wheatgrass is useful for erosion control and as a
wind barrier to control soil erosion and drifting snow.
It provides nesting cover and food for upland game
birds.

This species is the latest maturing of the wheatgrasses.
Palatability is acceptable early in the growing season,
but mature plants become very unpalatable. Late-
standing material becomes good winter forage for live-
stock when used with supplemental protein sources.

Grazing management—Grazing should not begin
until grass is at least 10 inches tall. Stubble height
should never be less than 6 inches between grazing pe-
riods and at the end of the grazing season. Regrowth is
slow, and rest periods should be at least 35 days.

Tall wheatgrass does not stand continuous close graz-
ing. Mowing at an 8- to 10-inch stubble height can set
grazing height; the stubble will prevent closer grazing.

WHEATGRASS, WESTERN (PASCOPYRUM
SMITHII)

Western wheatgrass is a long-lived, late-maturing,
widely distributed, winter-hardy, strongly rhizomatous,
native grass with coarse, blue-green leaves.

Adaptation and use—Western wheatgrass is adapted
to lowlands prone to early-season flooding. It is partic-
ularly productive in clayey to silty swales and water-
ways and has moderate to high salt tolerance. It is best
adapted to 12- to 14-inch and higher rainfall zones in
the Intermountain West. It is a productive native hay
producer during above-normal precipitation years and
under irrigation.

When used as pasture, this species is an excellent
source of spring and early-summer forage, with crude
protein content of 16 to 18 percent. However, forage
quality declines rapidly as plants mature. Western
wheatgrass provides good winter grazing if protein
supplements are provided. Protein content of cured
western wheatgrass is usually a little higher (4 to 5 per-
cent) than that of other wheatgrasses.

Western wheatgrass is typified by poor germination and
low seedling vigor. Plantings usually result in scattered
stands that spread in 3 to 5 years to dominate the site.

Once established, western wheatgrass becomes very
persistent and provides excellent soil-binding and ero-
sion-control characteristics.

Grazing management—Western wheatgrass begins
growth later than most wheatgrasses. Grazing should
not begin until grass is at least 4 inches tall. Stubble
height should not be less than 3 inches between graz-
ing periods and at the end of the grazing season. Re-
growth is slow, and rest periods should be at least

35 days.

WILDRYE, ALTAI (LEYMUS ANGUSTUS)

Altai wildrye is a long-lived, deep-rooted, winter-hardy,
drought-resistant, cool-season, introduced grass with
short rhizomes.

Adaptation and use—Altai wildrye is adapted to
moderately deep to deep loam to clay loam soils with
14 inches or more of annual rainfall. Roots can grow
and use moisture to a depth of 15 feet. This species can
withstand saline conditions almost as well as tall
wheatgrass and is almost as productive on saline sites.

Seedlings develop slowly, and good seedbed prepara-
tion and weed control are essential.

Altai wildrye begins growth in midspring and grows
into late fall. Basal leaves are somewhat coarse, but
are very palatable during late summer and early fall.
Altai wildrye provides excellent winter forage. Coarse,
erect, stiff stems reach 2 to 4 feet in height and tolerate
snow loads. Protein levels of 8 percent are common in
standing winter feed. This species can also be swathed
into windrows, cured and utilized as winter feed (see
chapter 14).

Grazing management—Grazing can begin when
grass is 8 inches tall. Remove livestock when stubble is
6 inches. This species has fair to good regrowth char-
acteristics if soil moisture is available. Grazing cycles
with approximately 35 days or more rest are recom-
mended.

WILDRYE, BASIN (LEYMUS CINEREUS)
Basin wildrye is a slightly spreading, robust, tall,
coarse, long-lived, native bunchgrass.

Adaptation and use—Basin wildrye is especially
suited to deep, fine-textured clayey to loamy soils that
receive 10 to 16 inches of annual precipitation. It is
well adapted to moderately saline or alkaline lowlands,
floodplains, and areas with high water-holding
capacity.

Basin wildrye is useful for calving pasture and for
wildlife forage and cover. Once established, this is a
very high-yielding species. Basin wildrye is highly



palatable in the spring, but palatability declines rapidly
with maturity. The old, coarse growth is readily utilized
by late-fall or winter grazing, as long as protein supple-
ments are provided.

Grazing management—Poor seedling vigor usually
results in sparse stands. Do not graze new seedings
until seedheads are evident or until at least the end of
the second growing season.

On established stands, allow basin wildrye to reach at
least 10 to 12 inches of growth before grazing. Take
great care to avoid close grazing or clipping, which may
result in high levels of plant loss in a single season.
During active growth, do not graze below a 10-inch
stubble height to avoid removing the growing point. Re-
growth ability following grazing is poor, and multiple
grazing cycles are not recommended. Maintain at least
a 6-inch stubble height going into the winter.

WILDRYE, RUSSIAN (PSATHYROSTACHYS
JUNCEA)

Russian wildrye is a long-lived, saline-, drought-, and
cold-tolerant introduced bunchgrass.

Adaptation and use—Plant in areas that receive at
least 8 inches of annual precipitation.

Russian wildrye can withstand saline conditions al-
most as well as tall wheatgrass. It is useful on soils too
alkaline for crested wheatgrass and too dry for tall
wheatgrass. Once established, Russian wildrye com-
petes very effectively against undesirable plants.

This species produces abundant basal leaves that re-
main green and palatable through summer and fall as
long as soil moisture is available. Russian wildrye is
palatable to all classes of livestock. It cures better on
the stump than most cool-season grasses and makes
excellent fall and winter feed. In late-summer, fall, and
winter, it is more palatable than crested wheatgrass.
Russian wildrye is not suited for hay production due to
the predominance of basal leaves, which make it diffi-
cult to harvest.

Russian wildrye is very sensitive to deep seed place-
ment. Plant at 0.25 to 0.5 inch depth. Wide row spacing
(at least 18 inches) results in the highest potential pro-
duction.

Grazing management—Russian wildrye grows rap-
idly in the spring. It can be grazed when plant growth
reaches 8 inches. At least 3 inches of stubble should re-
main following grazing. Manage stands carefully to

Species Selection and Grazing Management Guidelines

avoid overutilization, as stands can be damaged by
heavy spring use. In spring, a 28- to 35-day recovery pe-
riod between grazing cycles is recommended. Recov-
ery periods during summer should be more than

35 days. Russian wildrye regrows quickly if soil mois-
ture becomes available, and it responds very well to
supplemental irrigation.

Pasture species—legumes
and other forbs

ALFALFA (MEDICAGO SATIVA)

Alfalfa is a very productive, palatable, perennial, intro-
duced legume (plants that fix N). Many varieties are
available, each with specific characteristics and pur-
poses.

Adaptation and use—Alfalfa is adapted to well-
drained sites. It does poorly at higher elevations and
on sites with a high water table. It is suitable for irri-
gated sites or on dryland sites with effective annual
precipitation of at least 12 inches. Varieties differ in
their fall dormancy rating. Fall dormancy is correlated
with winter hardiness in older varieties. Newer vari-
eties that have a winter survival rating of less than 3
are suitable for areas with hard winters.

Alfalfa is suited for use as hay, pasture, or haylage. It is
compatible with most dryland and irrigated forage
grasses. Bloat can be a problem when grazing alfalfa.
To reduce bloat problems, limit alfalfa to 25 percent of
a mixed stand and seed at 1 pound per acre.

The taproot of alfalfa is vulnerable to pocket gopher
damage. Creeping varieties are less susceptible to dam-
age. Creeping types are also more tolerant of grazing
than are crown-type varieties.

Plant alfalfa in midspring after the risk of a killing frost
has passed or in summer at least 6 weeks before a
killing frost. Seed requires inoculation with N-fixing
bacteria before planting. See chapter 4 for the proper
inoculum.

Grazing management—Grazing can begin after al-
falfa reaches a height of 6 inches. Following grazing or
haying, alfalfa starts to regrow quickly but replenishes
its food reserves slowly. Frequent defoliation at short
intervals depletes reserves and reduces survival. A rest
period of 28 to 35 days is recommended. Terminate
grazing 3 to 4 weeks before the first killing frost to
allow buildup of food reserves for winter survival.
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BURNET, SMALL (SANGUISORBA MINOR)

Small burnet is a perennial, semi-evergreen, introduced
forb that grows up to 2.5 feet tall. It is non-leguminous
(does not fix N) and deep rooted.

Adaptation and use—Small burnet is best adapted to
well-drained soils. It can be grown on low-fertility,
droughty soils, as well as on moderately wet, acid
soils. It establishes easily on good soils, but will not
persist with less than 14 inches of annual precipitation
or in areas that are shaded, poorly drained, or have a
high water table.

Small burnet provides moderate amounts of forage. It
is very palatable to livestock and wildlife. Upland game
and songbirds utilize its seed.

Grazing management—Defer grazing until the sec-
ond growing season to allow plants to become estab-
lished. In established stands, growth is most vigorous
in spring and fall. Allow plants to reach a height of

12 inches before grazing. Recovery following grazing is
good. Rest periods should be about 35 days. Stubble
height at the end of the grazing period or season
should be 6 inches.

CLOVER, ALSIKE (TRIFOLIUM HYBRIDUM)
Alsike clover is a short-lived (3 to 5 years), peren-
nial legume.

Adaptation and use—Alsike clover is adapted to
flooded or poorly drained, acid soils. It makes
good hay from wet bottomlands and tolerates
moderately saline to alkaline conditions with high
water tables. It produces best under irrigation or
on dryland where the effective annual precipita-
tion is at least 18 inches. This species is especially
useful in cool areas, as it is very tolerant of cold
temperatures and frost heaving. It does not toler-
ate droughty conditions or hot temperatures and is
not well adapted to sandy soils or shade.

Alsike clover produces abundant palatable foliage
on fertile soils. It is most productive in mixtures
with grasses. Bloat is a potential problem. To re-
duce bloat problems in grazing situations, limit al-
sike clover to 25 percent of a mixed stand and seed
at 1 pound per acre. Seed requires inoculation with
N-fixing bacteria before planting. See chapter 4 for
proper inoculum.

Grazing management—Alsike clover is best if
grazed in spring. Begin grazing after 6 inches of
growth. In spring and early summer, a rest period

of 21 to 35 days is recommended. Regrowth is ex-
cellent in spring when temperatures are low and
soil moisture is available, but poor later in the sum-
mer. A stubble height of 3 inches should remain at
the end of the grazing period or season.

CLOVER, RED (TRIFOLIUM PRATENSE)
Red clover is a short-lived (2 to 3 years), perennial
legume.

Adaptation and use—Red clover is adapted to irri-
gated conditions or to dryland where effective annual
precipitation is at least 25 inches. It requires well-
drained soils and produces best under medium acid to
neutral soil conditions (pH 6.0 to 7.5). It is tolerant of
shade, but does not tolerate flooding, saline condi-
tions, or waterlogged soils. It does not tolerate drought
or hot temperatures.

Red clover is suited primarily for hay and silage. It is
compatible with white clover and grasses in pasture
mixtures. Because red clover is short lived, production
is usually greater in the second year than in the first or
third. This species will reseed and spread under favor-
able conditions.

Bloat is a potential problem. To reduce bloat problems
in grazing situations, limit red clover to 25 percent of a
mixed stand and seed at 1.5 pounds per acre. Seed re-
quires inoculation with N-fixing bacteria before plant-
ing. See chapter 4 for proper inoculum.

Grazing management—Red clover is best if grazed in
spring. Begin grazing after about 6 inches of growth or
at the quarter- to half-bloom stage. In spring and early
summetr, a rest period of 21 to 35 days is recom-
mended. Regrowth is excellent in spring when temper-
atures are low and soil moisture is available, but poor
later in the summer. A stubble height of 3 inches should
remain at the end of the grazing period or season.

CLOVER, WHITE (LADINO) (TRIFOLIUM
REPENS)

White clover is a long-lived, shallow-rooted, stolonifer-
ous, low-growing, perennial legume.

Adaptation and use—White clover thrives in cool,
moist mountain and intermountain areas with winter
snow cover. It can be grown under irrigation or on dry-
land where effective annual precipitation is at least

18 inches. In general, it is best adapted to clay and
loam soils in humid and irrigated areas. It grows suc-
cessfully on sandy soils with a high water table or on
irrigated, droughty soils when adequately fertilized.



White clover seldom roots deeper than 2 feet, making
it adapted to shallow soils as long as adequate soil
moisture is available. It is not tolerant of strongly acid
or strongly alkaline conditions or of poor drainage. It
does not tolerate drought or high temperatures.

White clover is suited primarily for pasture and is best
grazed in spring. It is compatible with red clover and
grasses in pasture mixtures and will reseed and spread
under favorable conditions. Bloat is a potential prob-
lem. To reduce bloat problems in grazing situations,
limit white clover to 25 percent of a mixed stand and
seed at 1 pound per acre. Seed requires inoculation
with N-fixing bacteria before planting. See chapter 4
for proper inoculum.

This species is also a good erosion-control plant, al-
though usually lacking in persistence.

Grazing management—Begin grazing after about

6 inches of growth. In spring and early summer, a rest
period of 21 to 35 days is recommended. Regrowth is
excellent in spring when temperatures are low and soil
moisture is available, but poor later in the summer. A
stubble height of 3 inches should remain at the end of
the grazing period or season.

MILKVETCH, CICER (ASTRAGALUS CICER)
Cicer milkvetch is a long-lived, slow-establishing, late-
maturing, grazing-tolerant, winter-hardy, introduced,
rhizomatous, non-bloat legume.

Adaptation and use—Cicer milkvetch is adapted to
cold lowland areas and to soils with high water-holding
capacity that receive at least 14 inches of annual pre-
cipitation. It is moderately tolerant of flooding.

Cicer milkvetch is a heavy seed and forage producer
with nutritious forage. The best time to utilize cicer
milkvetch forage is summer and fall. This species is
very tolerant of livestock trampling. It is a good
species for fall and early-winter stockpiled forage, as
nutrients are retained in later growth. Hay yield is
nearly equal to that of alfalfa.

Cicer milkvetch is very compatible with irrigated pas-
ture grasses. It can substitute for alfalfa at higher ele-
vations where alfalfa winter kills, or where a high
water table limits alfalfa production.

In a 50 percent mixed stand, a seeding rate of 4 pounds
per acre is recommended. This species establishes
slowly due to very hard seed. Scarification of seed is
recommended. Seed requires inoculation with N-fixing
bacteria. See chapter 4 for proper inoculum.

Species Selection and Grazing Management Guidelines

Grazing management—Begin grazing after cicer
milkvetch has reached a 4-inch height. After grazing,
new shoots grow from buds on the rhizomes, crowns,
and nodes of the lower leaves, allowing for relatively
rapid recovery and growth. Rest periods of 35 to

42 days are recommended. Stubble should be 3 inches
at the end of the grazing period or season.

SAINFOIN (ONOBRYCHIS VICIIFOLIA)
Sainfoin is a deep-rooted, medium-lived, drought-
resistant, introduced, cool-season, non-bloating
legume.

Adaptation and use—Sainfoin is adapted to deep,
well-drained, medium-textured soils, to high lime con-
tent, and to slightly alkaline soils. It is adapted to irri-
gated conditions and to dryland with at least 14 inches
of annual precipitation. It is not tolerant of wet soils or
high water tables.

Sainfoin can be grazed or used for hay. It blooms early,
but is not as productive as alfalfa. It is highly palatable.

The recommended seeding rate for a 50 percent mixed-
stand pasture is 17 pounds per acre. Sainfoin has good
seedling vigor, but seedlings are not competitive against
weeds or other plants. Seed requires inoculation with
N-fixing bacteria before planting. See chapter 4 for
proper inoculum.

Stands seldom live more than 10 years due to problems
with stem and root rot. To maintain a stand long-term,
allow established plants to reseed every 3 or 4 years.

Grazing management—Begin grazing in the early-
bloom stage or at about 12 inches of height. Rest peri-
ods of 35 to 42 days are recommended. A stubble
height of 6 inches should remain at the end of the graz-
ing period or season.

SWEETCLOVER, YELLOW AND WHITE
(MELILOTUS OFFICINALIS AND M. ALBA)
Sweetclover is an introduced, tall, stemmy, deep-
rooted, biennial legume.

Adaptation and use—Sweetclover is adapted to
many sites, but does not tolerate acid soils. It is the
most drought-tolerant legume commercially available.

Sweetclover produces abundant forage the first 2 years
and is commonly utilized as a cover crop for perennial
seedings. It is also suited for green manure or green-
chop haylage under irrigation or on dryland where ef-
fective annual precipitation is at least 9 inches.
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Sweetclover reseeds and maintains good stands in
years of above-normal spring precipitation, as long as
perennials do not crowd it out. Forage quality is poor
in mid- to late summer. Bloat is a potential problem. To
reduce bloat problems in grazing situations, limit
sweetclover to 25 percent of a mixed stand and seed at
1 pound per acre. Seed requires inoculation with N-fix-
ing bacteria before planting. See chapter 4 for proper
inoculum.

Grazing management—Begin grazing after sweet-
clover has reached 8 inches in height. In spring and
early summer, a rest period of 28 to 35 days is recom-
mended. This species has excellent recovery and
growth in spring and early summer if soil moisture is
available. Stubble height should be at least 6 inches at
the end of the grazing period or season.

Sweetclover contains coumarin, a derivative of di-
coumarol, a blood anticoagulant. Death may occur in
animals foraging on pure stands or consuming spoiled
hay or silage.

TREFOIL, BIRDSFOOT (LOTUS CORNICULATUS)
Birdsfoot trefoil is a short-lived, deep tap-rooted, non-
bloat, introduced legume.

Adaptation and use—Birdsfoot trefoil can be grown
under irrigation or on dryland where effective annual
precipitation is at least 18 inches. It is very winter-
hardy where protected by snow cover and is useful in
high-elevation settings. It tolerates poor drainage and
waterlogged soils. Under ideal growing conditions, it
may invade adjacent areas.

Birdsfoot trefoil is suited for use as pasture or hay.
Compared to alfalfa, it retains higher quality forage on
mature growth. The decumbent and intermediate types
tolerate close grazing better than erect types. This
legume is quite vigorous and is an excellent plant for
erosion control.

For grazing situations in a 50 percent mixed stand, a
seeding rate of 1.5 pounds per acre is recommended. If
the mixture includes grasses, alternate-row planting is
recommended to allow birdsfoot trefoil to establish.
Seed requires inoculation with N-fixing bacteria before
planting. See chapter 4 for proper inoculum.

Birdsfoot trefoil is short lived (2 to 4 years), making re-
seeding necessary. However, if plants are allowed to go
to seed, stands will persist for many years.

Grazing management—New stands establish slowly
and should be hayed the first growing season. On es-
tablished stands, grazing can begin after 6 inches of
new growth. Regrowth initiates from buds formed in
the leaf axils. Allow 28 to 35 days between grazing peri-
ods. Terminate grazing 3 to 4 weeks before the first
killing frost to allow buildup of food reserves for win-
ter survival. Stubble height should be at least 3 inches
at the end of the grazing period or season.
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CHAPTER 3

Soils, Fertility, and Nutrient
Management for Pastures

G. Shewmaker, R. Koenig, D. Horneck, M. Bohle, G. Cardon, and S. Jensen

STEWARDSHIP OF SOIL RESOURCES, combined with good grazing
management, produces sustainable pastures, reduces input costs,
provides aesthetically pleasing landscapes, and optimizes livestock
production. Forage from properly fertilized pastures may have higher
crude protein content than forage from unfertilized pastures. Thus, it
may provide higher quality livestock feed.

With good management, perennial mixed grass-legume pastures need
only limited fertilizer, since nutrients are exported only in the body
composition of grazing animals gaining weight or in animal products
(such as milk). Where pastures are composed mostly of grasses,
some nutrients, especially nitrogen, need to be replenished.

This chapter reviews basic soils information and discusses nutrient
management strategies that can help ensure a long-lived, productive
pasture. Fertilizer rates are recommendations based on university re-
search and on estimates of nutrient removal and uptake efficiency.
When combined with careful soil sampling, these guidelines can en-

sure a high-quality pasture.

Key Points

¢ Soils are a basic resource that
must be considered in manage-
ment decisions. Degradation of the
soil resource can take a lifetime to
recover.

e Nutrients in a soil-plant-animal sys-
tem are dynamic and cyclic.

e Pasture systems can be sustain-
able with a minimum of external
inputs.

¢ Intensive management and high
stock density are required to mini-
mize the tendency for nutrients to
be concentrated near water, shade,
and other attractions.

* Soil testing (and in some cases
plant tissue testing) is essential to
prescribing nutrient additions to
pasture.
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Soils as a resource

Soil is an essential and dynamic resource that supports
plant growth and, therefore, livestock production. Soils
have unique biological, chemical, and physical proper-
ties that change in response to management. Your job as
a pasture manager is to keep these properties in balance
in order to optimize forage productivity and quality.

We recommend that you review your local soil survey,
which describes your farm'’s soils and their characteris-
tics. Soil surveys are prepared by the USDA-Natural
Resources Conservation Service. Most are available
online (http://soils.usda.gov/survey/), although some
are available only in hard copy from local USDA-NRCS
offices.

Soil surveys include maps, photos, descriptions, and
tables. The tables contain detailed information about
soil properties and suitability for uses such as crops,
pasture, recreation, and engineering. They also include
information about depth to rock or restrictive layers,
soil texture, permeability, water-holding capacity, na-
tive soil reaction (pH), and erosion. Climate informa-
tion includes the average frost-free period and annual
precipitation.

To use a soil survey, locate your area on the soil maps
and note the map unit symbols. They are the key to un-
locking the information in the tables. To use the tables,
look for the map unit symbol in the tables, which are
organized alphabetically.

SOIL REACTION (pH)

The soil reaction or soil solution pH is a measure of
soil acidity or alkalinity. Soil pH is measured between
0 and 14, with acidic soils having a pH less than 7 and
alkaline soils having a pH above 7.

Soil pH is a product of parent material and the environ-
ment. Rainfall and temperature largely control
processes that determine soil pH. Fertilizer sources
can also affect soil pH.

The presence of minerals containing exchangeable
bases (calcium, magnesium, potassium, and sodium)
causes soil to be alkaline. Rainfall slowly dissolves
these minerals and leaches them from the soil, leaving
behind aluminum, iron, and hydrogen. These elements
make soil more acidic. Thus, acidic soils occur natu-
rally in high-rainfall areas, while low-rainfall zones
tend to have alkaline soils. The mountainous and
coastal regions of the western U.S. have high rainfall
and therefore acidic soils.

Table 3.1. Recommended lime application rates for grass-legume
pastures on acidic soils (tons/acre).

SMP buffer Recommended lime
test for lime application
below 5.5 4t05
55t05.8 3to4
58t06.1 2to 3
6.1t06.5 1to2
above 6.5 Otol

Source: Adapted from Hart, J., G. Pirelli, L. Cannon, and S. Fransen. 2000. Fer-
tilizer Guide: Pasture, Western Oregon and Washington. FG 63. Oregon State
University Extension Service.

Soil pH affects nutrient availability and the biology of
soil organisms. In low-pH soils, availability of some
metallic elements can reach levels that are toxic to
plants. A soil test is essential to determine pH and to
know whether soil amendments are necessary to meet
pasture performance goals.

Grass pastures are moderately tolerant to soil acidity.
We recommend applying lime if the soil pH is below
5.4 or the calcium soil test is below 5 meq Ca/100 g
soil. Use the SMP buffer test to estimate the amount of
agricultural lime to apply (table 3.1). If the soil is also
low in magnesium (less than 0.8 meq Mg/100 g soil),
substitute 1 ton dolomitic lime per acre for 1 ton of
agricultural lime.

Legumes are more sensitive to low soil pH than
grasses. Beneficial bacteria present on legume roots
convert atmospheric nitrogen to a form plants can use.
Strongly acidic conditions limit this biological nitrogen
fixation. Thus, legumes generally are more responsive
to liming than grasses. For legumes, surface applica-
tion of 1 to 2 tons lime per acre is recommended when
soil pH is below 5.8.

Broadcasting lime on established pastures is not as ef-
fective as mixing it with the top 6 inches of soil at
planting. Lime rates can exceed 2 tons per acre when
re-establishing a pasture. Additional information is
available in FG 52-E, Fertilizer and Lime Materials,
published by Oregon State University (OSU).

In low-rainfall climates, lime often accumulates in the
soil, forming calcium-rich (calcic) horizons called
caliche. These lime accumulations develop when rain-
fall is not sufficient to leach calcium and magnesium
carbonates from the profile. The depth to the calcic
horizon depends on the depth of leaching, which is reg-



ulated by annual rainfall, season of rainfall, and soil
texture. Land leveling or erosion can expose these
horizons.

Calcic horizons have pH greater than 8.2. Compared to
adjacent soils, they are lighter in color, lower in or-
ganic matter, and more difficult to manage. They com-
monly cause problems such as iron deficiency in plants
and/or poor water penetration.

Soil amendments such as elemental sulfur and gypsum
can improve highly alkaline and sodic soils. These
amendments are effective only if the cause of the con-
dition is remedied, however. This situation often re-
quires professional advice and assistance. See OSU
publication PNW 601-E, Managing Salt-affected Soils
Jfor Crop Production, for more information.

Diagnosing soil compaction
SOIL AND PLANT INDICATORS
e [rregular plant height

e Nutrient deficiencies in the presence
of adequate soil test levels

* ROOts change direction 90 degrees at a
compaction zone

e Coarse, blocky soil structure in the topsoil
* Plate-like structure below the surface

e Ponded water

DIAGNOSTIC TECHNIQUES

e Use a soil probe or compaction probe to sample
the depth and amount of compaction.

e Dig a hole 2 feet in diameter and 2 feet deep in a
compacted area. Probe the exposed soil profile
with a knife and observe soil structure and firm-
ness at 2-inch intervals.

e Observe root growth.

e Use a soil probe to map penetration depth in
moist soil.

e Associate results with your management practices
and observed grazing behavior.
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SOIL STRUCTURE

Soil structure is defined as the arrangement of the
solid parts of the soil and the pore space between
them. It is the result of the geologic parent material,
soil processes, environmental conditions under which
the soil formed, clay and organic materials present,
and soil management (e.g., tillage).

From an agricultural perspective, soil has good struc-
ture when it is aggregated and has low density and
high porosity. A well-structured soil encourages biolog-
ical activity and allows roots to penetrate.

Soil aggregates are “clumps” of soil particles that are
held together by clay, organic matter (such as roots),
organic compounds (from bacteria and fungi), and fun-
gal hyphae. The spaces, or pores, within and between
soil aggregates are essential for air and water storage
and flow, root passage, and microbial life. Because ag-
gregates vary in size, they create spaces of many differ-
ent sizes in the soil.

Grazing affects soil structure, as livestock hooves can
reduce aggregates and severely compact wet soils. Soil
compaction reduces water infiltration and the amount
of air (oxygen) available to plant roots and soil organ-
isms. As available water and air decrease, plant pro-
duction declines. Some plant species cannot survive in
compacted soil, and the loss of desirable grass and
legume species allows weeds and less desirable
species to increase. Heavy, prolonged livestock traffic
can result in bare soil areas. The damage caused by
grazing animals can take years to correct.

Organic matter promotes soil structure, thus improv-
ing water infiltration and availability. Thus, pastures
perform best when rapidly growing perennial plants
supply organic matter to the soil. A vigorous, healthy
plant community also reduces the potential for weed
invasion and soil erosion.

Nutrient distribution and
cycling in grazed pastures

Pastures require less fertilization than field crops or
lawns. Grazing livestock return as much as 85 to

95 percent of the nitrogen (N), phosphorus (P), potas-
sium (K), and other nutrients consumed to the pasture
through urine and dung.

Nutrients are not distributed uniformly, however. They
are concentrated next to water sources, shade,
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bedding areas, and trails (figure 3.1). After four or five
grazing seasons, concentrations of P and K within

30 feet of water sources can be five times greater than
in other areas of the pasture. When grazing patterns
remain unchanged for more than 20 years, increased P
and K concentrations can be found up to 100 feet from
the water source. You can improve nutrient distribu-
tion with Management-intensive Grazing, i.e., a high
stock density (many animals on a small area of pas-

ture) and the use of portable fencing, water, and shade.

Nutrients cycle within pasture systems, and nutrient
levels do not remain constant throughout the year. Nu-
trients continually move among the atmosphere, soil,
plants, and animals (figure 3.2). Plants shed leaves and
slough roots, and animals produce dung and urine.
These organic materials are broken down by physical,
chemical, and biological processes to mineral forms of
calcium, nitrate, sulfate, and other nutrients. This
process is called mineralization.

Soil test nitrogen Soil test phosphorus

North direction (feet)

East direction (feet) East direction (feet)

Figure 3.1. Distribution of soil test nitrogen (Ib/acre) and phos-
phorus (ppm or mg/kg soil) in a small, intensively grazed pad-
dock. The paddock was grazed six times during the season before
these samples were collected. The water trough is located in the
northeast corner of the paddock. (Source: R. Koenig, unpublished
data)

Figure 3.2. Nutrient (primarily nitrogen) cycle showing inputs, losses, and complex pathways of internal cycling in pastures.



Plant roots take up mineralized nutrients and use them
for growth. Soil microbes also incorporate them into
organic matter through a process called immobiliza-
tion. Some nutrients, such as nitrate and sulfate, are
highly water soluble and can be leached from the soil.
Some N, particularly from urine, is also lost to the at-
mosphere as ammonia through volatilization or nitrous
oxide through denitrification (the reduction of nitrates
to nitrites, ammonia, and free nitrogen in soil by
microorganisms).

Soil testing in pastures

Take soil samples annually if your pasture has nutrient
deficiencies or every 3 or 4 years if soil fertility is
within recommended levels. Sample soil on about the
same date each year, since nutrient levels fluctuate
seasonally. Fall and early spring are good times for soil
testing. Spring sampling will allow you to apply nutri-
ents at the beginning of the growing season. However,
fall sampling allows time to apply P and get some
movement into the root zone. See University of Idaho
Extension bulletin 704, Soil Sampling, for more infor-
mation.

For soil sampling purposes, divide each pasture into
“zones” to account for differences in manure deposi-
tion and nutrient concentrations. Areas around water-
ing and shade areas should be separate zones. Sample
low-lying areas, north- and south-sloping hillsides, and
areas with different cropping histories separately. Test
each zone separately so that you can apply nutrients at
appropriate rates where needed. Sample to a depth of
1 foot. If there is less than 1 foot of soil, sample to a
uniform depth.

A plant-available N (ammonium and nitrate) soil test
generally is not as useful for perennial forage crops
and pasture as it is for annual crops. Most of the N re-
leased from organic matter during the growing season
is rapidly used by grasses, so little available N accumu-
lates in the soil. Also, available N is mobile in soils and
can be leached below the root zone with spring precip-
itation or overirrigation.

Soil test results may include fertilizer recommenda-
tions based on assumptions made by the laboratory.
The recommendations may be higher than necessary
for grazed pastures because they may not take into ac-
count the recycling of nutrients by grazing animals.

When using soil test results to evaluate fertilization
needs, also take into account your observations of
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Figure 3.3. Evidence of nutrient deficiency(ies) or fertility problem:
more vigorous growth is seen around dung piles or urine spots (D)
and in the center of the fertilizer spreader pattern (F). (Photo by
Glenn Shewmaker)

forage productivity and nutrient cycling. For example,
the presence of persistent cow pies (old dung) means
that some of the nutrients in manure are not cycling
rapidly into the soil. In this case, more N may be
needed.

Figure 3.3 shows two indicators of nutrient deficien-
cies. Several strips of vigorous forage growth are seen
in the center of a fan-type spreader application pattern
(labeled F). This uneven growth pattern indicates that
fertilizer was applied nonuniformly and that a nutrient
deficiency still exists. More vigorous regrowth and
darker color is also seen around dung piles or urine
spots (labeled D), indicating a probable nutrient defi-
ciency.

Fertilization planning is most effective when fertiliza-
tion rates and soil test results are tracked in a spread-
sheet for several years. Good records can help you see
how fertilization has changed soil test levels and pas-
ture productivity. You then can adjust rates as needed.
Multiple years of soil and tissue testing (see “Plant tis-
sue testing,” below), combined with periodic observa-
tions, can help you fine-tune the recommendations in
this guide for optimal pasture production.

Nitrogen

Grass pastures respond well to N fertilizer applica-
tions. For example, research has shown that forage
grass production increases by 35 to 80 pounds of dry
matter per acre for every 1 pound of N applied. The
rate of yield increase in forage production for every
pound of N applied decreases as more N is applied.

25



26

Pasture and Grazing Management in the Northwest

N APPLICATION

Nitrogen recommendations are based on the produc-
tion potential of the stand. Production potential de-
pends on the length of the growing season, the
availability of irrigation water or precipitation, the
amount of legumes in the stand, and the number of cut-
tings or grazing periods.

The recommendations in table 3.2 assume normal
growing conditions. Climatic variability can affect pro-
duction potential and N needs. For example, produc-
tion potential increases as the growing period is
extended. If the frost-free growing season is longer
than normal one year, or if you have more cutting or
grazing periods than normal, you may need more N. On
the other hand, if precipitation or irrigation is reduced
one year, you may need less N.

As the amount of legume increases in a grass-legume
mixture, the need for N fertilizer decreases (table 3.2).
When legumes make up more than 60 percent of the
mixture, yield responses to N fertilizer are limited. Op-
timal legume performance is achieved by inoculating
the legume seed before planting to ensure biological N
fixation (see chapter 4).

N applications usually reduce the proportion of legume
in a grass-legume mixed stand. Excessive N will en-
courage grasses as the dominant species.

Be cautious when applying more than 160 pounds N
per acre in a single application. High N rates may be
economically unwise and can cause nitrate to leach to
groundwater or accumulate in forage. High nitrate con-
centrations in forage can cause animal health prob-
lems (see chapter 12). The potential for nitrate
accumulation is highest when excess N is applied to a
drought-stressed pasture.

Soil testing is essential!

It is difficult to generalize about the location and
occurrence of specific nutrient deficiencies in the
Northwest. Soils vary greatly due to differences in
geologic processes, manure application, and inor-
ganic fertilizer use. In addition, some irrigation water
adds nutrients to soil. For these reasons, soil testing
is essential to determine which nutrients are
needed and how much fertilizer to apply. Fertilizer
recommendations in this guide are based on the lat-
est research results from university trials.

Table 3.2. Nitrogen (N) recommendations for irrigated and high-
rainfall grass and grass-legume pastures.

Yield potential of the site

Plant 1to2 2to 4 4to6 6to 8
composition tons/acre tons/acre tons/acre tons/acre
—————————————————————————— N (Ib/acre) ---------==--==-=m--summmm-

100% grass 50 75° 100 to 1507 150 to 200°
75% grass, a a
25% legume 25 50 75to 100" 100 to 150
50% grass,
50% legume 0 25 50 &

0,
25% grass, 0 0 o5 50

75% legume

? For pasture, split the total N rate into two or three applications. Apply
one-third to one-half of the N in early spring, one-third to one-half in June,
and the remainder in late August. If early pasture is needed, use the T-sum
method to determine the timing of earlier fertilization. For hay-pasture
systems, apply two-thirds of the N in early spring and one-third after the hay
crop is removed.

Source: Koenig, R., M. Nelson, J. Barnhill, and D. Miner. 2002. Fertilizer Man-
agement for Grass and Grass-legume Mixtures. AF-FG-03. Utah State Uni-
versity Cooperative Extension.

Split applications of N fertilizer maintain more uniform
forage production through summer and fall than does a
single application. They also increase N use efficiency.
If needed (based on rates in table 3.2), broadcast 30 to
50 pounds N per acre after each cutting or grazing
cycle. Check with your local extension office for spe-
cific recommendations.

Irrigate to move N into the plant root zone and mini-
mize volatilization losses. Irrigation or rainfall of
0.5 inch within 48 hours of application is sufficient.

SOURCES OF N

Common dry forms of N for topdressing (surface
broadcast applications) are urea (46-0-0) and ammo-
nium sulfate (21-0-0-24). Urea is the most common. So-
lutions containing both urea and ammonium nitrate
(UAN or Solution 32 or 28) are also available.

Urea seems to produce a smaller response (per unit of
N) than ammonium nitrate. As urea absorbs moisture, it
is converted to the ammonium form, and some ammo-
nia may be lost via volatilization. Nitrogen losses of 5 to
20 percent have been reported when urea is applied to
grass under certain conditions (on calcareous soils or
during warm weather) and several days elapse before
rain or irrigation incorporates the fertilizer into the soil.



Conventional N fertilizers provide pulses of N that tem-
porarily exceed demand. Controlled-release urea fertil-
izers may better match N supply with demand.
However, research is needed on the efficacy of con-
trolled-release products in pastures.

If P is also needed, consider using diammonium phos-
phate (18-46-0) or monoammonium phosphate (10-48-0
to 11-55-0). Calcium nitrate (16-0-0) supplies both N
and Ca. Ammonium sulfate is recommended when
both nitrogen and sulfur are deficient.

Fertigation

The application of liquid fertilizers through the sprin-
kler irrigation system (fertigation) is an efficient way
to supply nutrients. Fertigation works best with
properly designed and maintained systems with
uniform water application. A backflow prevention
valve and chemigation license are required. With fer-
tigation, you can make in-season or split applica-
tions if desired. Liquid sources of most nutrients are
available. Carefully compare liquid sources, dry fer-
tilizers, and organic materials in terms of cost and
convenience.

TIMING N APPLICATION FOR EARLY SPRING
FORAGE PRODUCTION

Grasses green up in the spring based on “thermal”
time, not calendar time. Thus, the optimum time for
early-spring fertilization can vary by 1 to 5 weeks from
year to year. Temperature-summing (T-sum) is a
method for determining the optimum time to fertilize
grass pastures for early-spring forage production.

T-sum is based on the current year’s weather. It uses a
base temperature of 32°F to accumulate growing de-
grees, beginning on January 1. When 360 growing de-
gree days (GDD) have accumulated, the optimum time
to fertilize the pasture with N has been reached.

Calculate growing degree days as follows:

GDD =

(Tmax + Tmm) _Thase

1. Beginning January 1, add together each day’s
maximum and minimum air temperature and di-
vide this total by 2. The result is the average tem-
perature for the day.
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Table 3.3. Sample growing degree calculation for base 32°F*

Maximum air Minimum air  Average air
temperature temperature temperature degree days

Growing

Day (°F) (°F) (°F) (base 32°F)
Jan 1 35 10 225 0.0
Jan 2 40 25 325 0.5
me e
Mar 1 45 26 355 35
Mar 2 50 32 41.0 9.0
Sum 360.0

“To calculate growing degree days: GDD = [(Tmax + Tmin) + 2] - Thase.

2. Subtract the base temperature (32°F) from the
average air temperature to calculate the GDD for
that day. If the value is a negative number, use 0
for that day.

3. Add together the number of GDD since
January 1 to get the accumulated GDD.

Table 3.3 shows an example of a growing degree calcu-
lation.

While the T-sum timing of N fertilizer application does
increase early forage production, it does not increase
total forage production over a couple of grazing rota-
tions. For more information on using the T-sum
method, see OSU Extension publication EM 8852-E,
FEarly Spring Forage Production for Western Oregon
Pastures.

Phosphorus

Intensively managed, high-producing pastures may re-
spond to P fertilization. Grasses generally have a low P
requirement, and legumes generally have a high P re-
quirement. Thus, P fertilization tends to maintain or in-
crease the legume portion of mixed pastures.

Soil testing for pH and available P indicates whether P
fertilization is needed. More soil and fertilizer P is avail-
able to plants when pH is between 6 and 7.5 than at
lower or higher pH. Thus, knowing both pH and P con-
centration helps to recommend a P application rate.

To obtain valid results, the laboratory must use the
proper soil analysis method. For alkaline, calcareous
soils, available P is best determined with the Olsen
extraction method, which uses sodium bicarbonate as
the extracting agent. For acidic soils, the Bray
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extraction method should be used. The appropriate
method is largely determined geographically. In the
arid inland west, use the Olsen method. In higher rain-
fall areas, use the Bray method.

Phosphorus movement in soils is limited. Apply P dur-
ing seedbed preparation if possible and incorporate it

into the rooting zone. Fall is the best time to topdress

established pastures with P fertilizer.

Rates of P needed for optimum forage production are
shown in table 3.4 (interior Columbia Basin) and
table 3.5 (west side of the Cascade Mountains). Con-
sult your county extension office for local recommen-
dations.

Table 3.4. Phosphorus (P) recommendations for grass and grass-
legume pastures in the interior Columbia Basin.

P recommendation®®
(Ib P,0; /acre)

Soil test P*

(ppm) Irrigated Rainfed
Oto3 100 to 125 60 to 100
4to7 75 to 100 40 to 60
8to 10 50to 75 20 to 40

11to 15 0 to 50 10 to 20
15 and above 0 0

? Soil test P is based on a 12-inch sample depth and sodium bicarbonate soil
extract (Olsen method).

® Fertilizer labels are expressed in percent P,0s. To convert P,0; to P, multiply
by 0.44.

¢ Refer to local fertilizer guides for more specific recommendations.

Table 3.5. Phosphorus (P) recommendations for grass and grass-
legume pastures on the west side of the Cascades.

Soil test P* P recommendation”®
(ppm) (Ib P,05/acre)
Oto 20 60 to 100
20 to 40 0 to 60
Over 40 0

% Soil test P is based on a 12-inch sample depth and Bray soil extract.

® Fertilizer labels are expressed in percent P,O;. To convert P,0O; to P, multiply
by 0.44.

¢ Refer to local fertilizer guides for more specific recommendations.

Source: Adapted from Hart, J., G. Pirelli, L. Cannon, and S. Fransen. 2000. Fer-
tilizer Guide: Pasture, Western Oregon and Washington. FG 63. Oregon State
University Extension Service.

Potassium

Grasses have moderate K requirements, and legumes
have high K requirements. Both grasses and legumes
can take up larger quantities of K than are needed by
the plant, potentially causing animal health problems
(see chapter 12).

Northwest soils vary in K content, so a soil test is
highly recommended. Various extracts are used for K,
but all should give nearly the same result.

Irrigation well water may contain some K. Most sur-
face water does not contain a significant amount of K.
Information on irrigation water quality can be found in
OSU Extension publication PNW 597-E, Managing Ir-
rigation Water Quality for Crop Production in the
Pacific Northwest.

Potassium movement in soils is limited, although not
to the same extent as P. Incorporate K during seedbed
preparation or broadcast in the fall on established stands.

Potassium chloride (0-0-60) and potassium sulfate
(0-0-50) are the most common sources of fertilizer K.
Both are equally effective. Potassium-magnesium
sulfate, known as K-Mag (0-0-22-22S), is also available
in some areas. This material supplies sulfur (S) as well
as K.

Rates of K needed for optimum forage production are
shown in table 3.6.

Table 3.6. Potassium (K) recommendations for grass and grass-
legume pastures.

K recommendation®
(Ib K,0/acre)

Soil test K*
(mg/kg soil or ppm)

0to 40° 180 to 220

40 to 70 140 to 180
70 to 100 80 to 120
100 to 150 40 to 60
Above 150 0

? Soil test K is based on a 12-inch sample depth and sodium bicarbonate soil
extract. Sodium acetate or ammonium acetate extraction should give similar
results.

°Kis expressed as both the oxide and elemental forms: K,0 x 0.83 =K or
Kx 1.20 = K,0.
° Low soil test levels are severely limiting.

Source: Koenig, R., M. Nelson, J. Barnhill, and D. Miner. 2002. Fertilizer Man-
agement for Grass and Grass-legume Mixtures. AG-FG-03. Utah State Uni-
versity Extension.



Sulfur

Legumes use more sulfur (S) than grasses. Sulfur fertil-
ization requirements depend on soil texture, leaching
losses, S soil test level, and S in irrigation water.

Areas irrigated with water from the Snake River or
other streams fed by return flow should have adequate
S. High-rainfall areas, mountain valleys, and foothill
areas have the potential for S deficiencies.

Sample soil to a depth of 1 foot for S analysis. Apply

30 pounds S per acre if soil test results show less than
10 ppm sulfate-sulfur (SO,-S). (This recommendation is
based on extractable S with turbidimetric analysis and
may not apply if a different method is used.) In high-
rainfall environments, apply S annually.

Select S sources carefully, as availability to plants de-
pends on the form of S. Sulfate-sulfur sources, such as
ammonium sulfate, gypsum, potassium sulfate, and
potassium-magnesium sulfate, can alleviate deficien-
cies in the year of application. However, these readily
available S fertilizers suppress selenium (Se) uptake by
plants, potentially creating Se deficiency in grazing ani-
mals. The effects of S on forage Se can be identified
with plant analysis.

Elemental S is slow-release and must be converted by
soil microorganisms to sulfate before it can be taken
up by plants. Full conversion of elemental S to sulfate
may take a year or more in warm, moist soils and even
longer at higher elevations. Thus, elemental S fertiliz-
ers cannot supply adequate levels of S in the year of
application. However, they can supply considerable S
in subsequent years. Apply elemental S annually or
every other year to maintain soil supply. A soil test will
not measure elemental S in the soil.

Table 3.7. Micronutrient soil test values (mg/kg soil or ppm) and
interpretations.?

Nutrient Low Marginal Adequate
Zinc below 0.8 0.8t0 1.0 over 1.0
Iron below 3.0 3.0t0 5.0 over 5.0
Copper below 0.2 — over 0.2
Manganese below 1.0 — over 1.0
Boron below 0.25 0.25t0 0.5 over 0.5

? DTPA extractable zinc, iron, copper, and manganese; hot water extractable
boron.

Source: Koenig, R., M. Nelson, J. Barnhill, and D. Miner. 2002. Fertilizer Man-
agement for Grass and Grass-legume Mixtures. AG-FG-03. Utah State Uni-
versity Extension.
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Micronutrients

Deficiencies of metallic micronutrients such as zinc
(Zn), copper (Cu), manganese (Mn), and iron (Fe) have
not been observed on irrigated pastures in the western
U.S. Grasses and legumes are less sensitive to low lev-
els of these micronutrients than are crops such as
beans and corn. Only in rare cases do pastures respond
to metallic micronutrient application.

Soil pH affects availability of these nutrients. As pH de-
clines, availability of metallic micronutrients increases.

Soil test for micronutrients prior to application. If you
choose to apply these micronutrients, do so on a trial

basis to make sure a deficiency exists and that the re-
sponse is economical.

Boron (B) deficiencies are sometimes observed in
legumes growing on coarse-textured soils. If soil test
results for B are below 0.25 ppm (hot water extractable
method), apply 1 to 3 pounds B per acre. Do not use
higher rates, as B is toxic to plants in excessive amounts.

Table 3.7 gives guidelines for interpreting micronutri-
ent soil test results.

Plant tissue testing

Tissue testing can supplement soil tests and provide a

direct measure of the nutrient status of pasture plants.
If you suspect a nutrient deficiency, tissue analysis can
identify the deficient nutrient.

Sample grasses and forbs separately. Collect samples
for tissue analysis preferably just before heading. Sam-
ples for pasture use may be in the vegetative stage at

8 to 10 inches tall. Forage plants are naturally higher in
concentrations for most nutrients at this stage than
Jjust before heading.

Randomly select about 25 plants across a typical area.
Cut off the plants at 3-inch height. Do not get any soil
on the plant material, as contamination will render the
test meaningless. Deliver samples to the laboratory the
same day, or air dry them before shipping.

For optimum production, grass clipped just before
heading should contain the following minimum con-
centrations:

e Nitrogen: 2.0 percent
e Phosphorus: 0.25 percent

e Potassium: 1.5 percent
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e Sulfur: 0.2 percent

Consult your local extension office or soil test labora-
tory for interpretation of tissue test results in combina-
tion with soil test results.

Manure and compost

The application of manure and compost to pastures
adds some of all of the macro- and micronutrients to
the soil. The nutrient composition of these materials
varies greatly, so it is important to obtain analysis by a
lab certified for compost and manure nutrient analysis.
The results can help you determine application rates
and economics of application.

Compost usually has limited amounts of available N,
while manure can be rich in N. In addition to adding
essential nutrients, manure and compost add organic
matter, which improves soil properties such as water-
holding capacity, cation exchange capacity, and soil
structure.

Negative effects can include additions of salt, weed
seeds (less of a problem in compost than in manure),
and possible pathogens. Also, if manure covers plant
leaves, yield can be reduced. Low application rates and
application during the dormant season will reduce
these negative effects.

General observations and
recommendations

e [rrigated pastures make good use of sloping land,
stony soils, and shallow soils that are unsuitable for
row crops. Pastures reduce soil erosion compared to
annually cropped land.

e N and P are the nutrients most needed by irrigated
pastures. N and S are the most needed in central Ore-
gon. K, S, or B application may also be needed for op-
timal growth. Fertilizer need is best determined by
soil and plant tissue tests.

¢ In a grass-legume pasture, legume composition is re-
duced by N fertilization and increased by P addition
(if these nutrients are in low supply in the soil).

e Fertilization is only one part of pasture management.
Pastures are most profitable when plant selection
(chapter 2), irrigation (chapter 6), and grazing or har-
vest techniques (chapters 14 and 15) do not limit pro-
duction.

¢ Intensive rotational grazing distributes nutrients bet-
ter in the pasture than continuous grazing, thus pro-
viding more forage and greater returns. See chapters
14 and 15 for more information.

Contact your local extension office regarding local inter-
pretation of this information or for further information.

For more information

Acidifying Soil for Crop Production: Inland Pacific North-
west. PNW 599-E. Oregon State University Extension
Service (2007). http://extension.oregonstate.edu/
catalog/html/pnw/pnw599-e/

Early Spring Forage Production for Western Oregon Pas-
tures. EM 8852-E. Oregon State University Extension
Service (2004). http://extension.oregonstate.edu/
catalog/pdf/em/em8852-e.pdf

Fertilizer and Lime Materials. FG 52-E. Oregon State Uni-
versity Extension Service (1998). http://extension.
oregonstate.edu/catalog/htmi/fg/fg52-e/

Fertilizer Guide: Pastures, Western Oregon and Western
Washington. FG 63. Oregon State University Extension
Service (2000). http://extension.oregonstate.edu/
catalog/pdf/fg/fg63-e.pdf

Fertilizer Management for Grass and Grass-legume Mix-
tures. AF-FG-03. Utah State University Cooperative Ex-
tension (2002). http://extension.usu.edu/files/
publications/publication/AG-FG-_03.pdf

Managing Irrigation Water Quality for Crop Production in
the Pacific Northwest. PNW 597-E. Oregon State Uni-
versity Extension Service (2007). http://extension.
oregonstate.edu/catalog/pdf/pnw/pnw597-e.pdf

Managing Salt-affected Soils for Crop Production.
PNW 601-E. Oregon State University Extension Service
(2007).
http://extension.oregonstate.edu/catalog/html/pnw/
pnweé01-e/

Soil Sampling. EXT 704. University of Idaho Extension
(1998).
http://info.ag.uidaho.edu/resources/PDFS/EXT0704.pdf

Soil Test Interpretation Guide. EC 1478. Oregon State Uni-
versity (1999). http://extension.oregonstate.edu/
catalog/pdf/ec/ec1478.pdf

USDA Natural Resources Conservation Service soil sur-
veys. http://soils.usda.gov/survey/
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CHAPTER 4

Pasture Renovation, Planting,
and Establishment

B. McLain, S. Fransen, and G. Shewmaker

THIS CHAPTER DISCUSSES OPTIONS FOR PASTURE RENOVA-
TION, including changing management practices to favor desirable
forages, interseeding improved forages into an existing stand, and to-
tally removing the existing vegetation and replanting. We also discuss
the steps needed for successful establishment of a new pasture.
Regardless of whether you opt for improving an existing pasture or
replanting, you will need to improve management practices in order
to most efficiently utilize available resources. Good management
practices include proper fertility (chapter 3), irrigation (chapter 6),

weed control (chapter 7), and grazing management (chapters 13-15).

Always purchase high-quality seed. Use certified seed when available.

Look for a seed tag that indicates high percentages for purity, germi-

nation, and freedom from noxious and invasive weed seeds.

Key Points

* Keeping the existing vegetation and
improving management often is
the most economical approach to
pasture renovation. The least-cost
method is to change the composi-
tion of a pasture through fertilizer
management, improved irrigation,
and grazing practices.

e For interseeding to succeed, com-
petition from established plants
must be eliminated.

¢ When replanting or planting a new
pasture, a firm, fine, moist, weed-
free seedbed is required.

o |t is critical to set planting equip-
ment for the proper seeding rate,
depth, and distribution.

¢ Depending on location and envi-
ronmental conditions, planting can
occur in spring, late summer, fall,
late fall, or early winter. Consider
soil moisture (from precipitation
and/or irrigation), soil temperature,
soil type, weeds, and dates when
killing frosts are likely to occur.

¢ The long-term health of a pasture
depends on proper care during the
establishment year. Good water
management, fertility, weed con-
trol, and mowing or grazing are all
important.
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Improving an existing
pasture versus replanting

When a pasture requires renovation, the first step is to
evaluate existing pasture conditions. A site inventory
and analysis (see chapter 1) will help you determine
whether the existing pasture can be reclaimed or you
should replant. Consider environmental conditions,
water availability, forage utilization, economics, re-
source availability, management ability and style, and
existing or future plant populations. Ask yourself the
following questions:

e What are my management goals?

¢ Do I have a reasonable understanding of soil
and species management?

® Are enough desirable plants (species) present to
promote recovery without planting if proper
management is applied?

e How risky is a new planting?

e What impact will disturbance of soils and plant
life have on the biological health of the area?

e What is the risk of weed invasion or loss of sta-
ble soils and sensitive native plant communities,
particularly on dryland pastures? Will the ex-
pected increase in forage offset these risks?

Keeping the existing vegetation and improving man-
agement practices may be the most economical ap-
proach. Replanting will require more investment in
time and money. Keep in mind that it may take 3 or
more years of good management to restore a pasture
to a desired condition.

After careful evaluation, you may determine that re-
planting is the best way to improve production and
meet forage requirements. Be sure to perform a com-
plete site inventory and analysis before replanting (see
chapter 1).

Improving an existing
pasture

Shifts in pasture vegetation generally are associated
with changes in soil properties and processes. The
least-cost method of pasture renovation is to change
the composition of an established pasture through fer-
tilizer management, improved irrigation, and grazing
practices. In mixed pastures, nitrogen (N) application

generally favors grasses. Application of phosphorus
(P) without N favors legumes. Continuous stocking
will reduce sensitive plants—generally the more palat-
able plants—and promote resistant plants, while rota-
tional stocking allows the palatable, more desirable
plants to persist.

INTERSEEDING A LEGUME INTO GRASS
Pastures that begin as a balanced grass-legume mix
often are dominated by grasses within a few years.
Legumes may disappear due to one or more of the fol-
lowing situations:

e Improper soil fertility. Proper fertility is re-
quired for maintaining legumes, especially P
and boron (B). Both grasses and legumes re-
spond to added P if soil test P levels are low.
However, legumes generally require higher an-
nual P applications than grasses. Legumes are
the first plants to disappear from a mixed stand
when soil P levels are inadequate. Boron is also
essential to keeping legumes healthy in a mixed
stand, while grasses rarely respond to B applica-
tions. Soil tests are an important tool for deter-
mining nutrient application needs. See chapter 3
for more information.

Acidic soils. Legumes are often more sensitive
to acidic soils than grasses because the activity
of nitrogen-fixing bacteria (Rhizobium) is re-
duced in acidic soils. Some pastures quickly be-
come acidic because of improper irrigation
management; overirrigation leaches bases from
the root zone, increasing acidity. Use of N and
sulfur (S) fertilizers may also lower soil pH in
some soils. Amend acidic soils with lime every
few years to buffer soil pH and maintain cal-
cium and magnesium availability. Many soils in
the Pacific Northwest are alkaline (pH is high),
however, and do not require lime. Use soil tests
to determine soil pH and amendment require-
ments. See chapter 3 for more information.

Lack of nodulation in the legume. Rhizo-
bium bacteria form nodules on legume roots
and convert atmospheric N to a form the
legume can use. Legumes depend on this N to
meet their N requirements. If Rrizobium nod-
ules are lacking, green (dead), or white (inac-
tive), legumes may not obtain enough N.
Grasses tend to utilize available N more effi-
ciently than legumes, so legumes may be defi-
cient when N levels are inadequate.



¢ Inadequate recovery time after grazing or
hay harvesting. Where excellent grazing man-
agement is practiced, grasses in mixed grass-
legume stands often regrow more quickly than
legumes during the spring and fall. Grasses may
reach a suitable height for regrazing before
legumes have replenished their crown and root
carbohydrates. If you delay regrazing to give the
legume more time for growth, grasses become
overly mature, leading to poor quality, low
palatability, underutilization, and slow growth.
Thus, tall legumes such as alfalfa and red clover
are more difficult to maintain than shorter
legumes such as white or alsike clovers.

Interseeding legumes into grass-dominated stands is
difficult and often fails. For interseeding to succeed,
competition from established plants must be elimi-
nated, either chemically or culturally. Use a registered
nonselective herbicide to burn down the established
plants. Then use a no-till drill to plant desirable
legumes and grasses directly into the sod.

Another option that works in some cases is to use graz-
ing or clipping to reduce competition. First graze or
mow the existing vegetation closely and then immedi-
ately drill the seed directly into the soil or sod. No-till
drills work best. Keep the established plants short by
continued grazing or close clipping until the new for-
ages emerge. Mow as needed at an increased height to
ensure that the new seedlings can compete. During the
first year, graze or clip lightly to reduce competition
until the new plants are well established. Manage graz-
ing carefully to prevent overgrazing of the young, palat-
able legumes.

INTERSEEDING INTO ALFALFA

We do not recommend interseeding alfalfa into an al-
falfa stand that is more than 1 year old. Established al-
falfa plants emit compounds that are toxic to the
germination and development of alfalfa seedlings. This
characteristic is called “autotoxicity.” To thicken an old
alfalfa stand, it is better to interseed a grass such as an-
nual or perennial ryegrass, oats, timothy, meadow
brome, or orchardgrass.

One option is to interseed a cool-season grass, such as
meadow brome or orchardgrass, into a thinning alfalfa
stand in the late summer or early fall. Fall planting al-
lows for establishment prior to winter dormancy. The
grass is usually planted into the alfalfa after harvest to
take advantage of the short stubble. Fall alfalfa growth
is slow because of decreasing day length, thus allowing
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the grass to establish. Be sure that there will be at least
6 weeks of good growing conditions for grasses to es-
tablish before the first killing frost.

You also can interseed cool-season grasses in the early
spring before alfalfa begins to grow. The grass will ger-
minate before alfalfa breaks winter dormancy, provid-
ing time for establishment. In some areas, early-spring
plantings are risky due to late hard frosts. With proper
irrigation, the grass will often establish in the thinning
alfalfa stand and prolong the productive life of the
stand.

New plantings

SEEDBED PREPARATION

A firm, fine, moist, weed-free seedbed is required for
successful establishment of the small seeds of forage
grasses and legumes. The final seedbed should be firm
but not hard, fine but not powdery, moist but not
muddy, and clear of competitive weeds, especially
perennials. A properly prepared seedbed holds mois-
ture, helps control planting depth, and provides good
seed-to-soil contact.

To prepare a pasture for planting, first kill existing veg-
etation with herbicides and/or tillage. Even no-till
plantings require vegetation control prior to planting.
Sites with serious weed problems, especially perennial
weeds, may require one or more years of fallowing.
Use herbicides and/or tillage to clean the field during
the fallow period. See chapter 7 for weed management
recommendations.

If the site has been neglected or poorly managed, it is
advantageous to plant annual grain crops for one or
more years before planting permanent pasture. The
grain crop can reduce soil erosion and aid in weed con-
trol. It can be harvested as green forage or dry grain or
tilled under as a green manure crop.

Apply recommended fertilizer and soil amendments
prior to tillage so that they can be incorporated during
tillage (see chapter 3). Moldboard plowing, offset disk-
ing, chisel plowing, or rototilling is required to bury
surface residues and weed seed. If necessary, use a rip-
per or subsoiler to break up compacted soil layers.
Take care not to damage underground drainage tiles or
irrigation equipment.

Finally, use a harrow, roller, roller harrow, cultipacker,
ground hog, or land plane to firm the seedbed. Then
walk across the site to test the firmness. Your
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footprints should be 0.25 to 0.5 inch deep. If they are
deeper, additional mechanical firming is needed before
planting,.

Fields that have been fallowed or recently farmed with
annual crops may require less preparation. In this case,
light tillage and/or herbicide applications may be suffi-
cient to remove weeds and volunteer plants. Under
proper conditions, you can use a minimum or no-till
planter to plant directly into weed-free crop stubble.
This method conserves moisture, and the stubble can
serve as a noncompetitive protection for new seedlings.

PLANTING METHODS

Because most forage species have small seed, proper
planting depth, good seed-to-soil contact, and even dis-
tribution of seed are critical for success. In medium to
heavy soils, most species should be planted 0.25 to

0.5 inch deep or less. If soil is light and sandy, plant no
more than 0.75 inch deep. Small seeds require shal-
lower planting depths than larger seeds. Plant seed
mixtures to a depth that favors the smallest seed. A
firm seedbed will help prevent seed from being planted
too deeply.

Regardless of planting method, it is critical to set the
equipment for the proper seeding rate, depth, and dis-
tribution. Follow the manufacturer’s instructions for
calibrating seeding rate and setting planting depth. It is
wise to check seeding rate and depth in a small test
strip, traveling at field speed.

An accurate way to calibrate a drill is to pull it over the
test area at field speed while catching the seeds from
several seed drop tubes in cups or bags. Measure the
distance traveled. Weigh or count the seeds to deter-
mine the number of seeds dropped per linear foot of
drill row. Compare results with table 4.1. Adjust equip-
ment as required for the desired seeding rate.

To calibrate broadcasting equipment, count the seeds
dropped per square foot and compare the number with
the seed number under the column labeled “At

1 Ib/acre seeds/ft>” in table 4.1. Adjust equipment as
required for the desired seeding rate.

Conventional or minimum/no-till planters

A properly maintained and calibrated drill plants seed
evenly and with good seed-to-soil contact. Drills
equipped with a box for small seeds, depth regulator,
and press wheels give the best results (figures 4.1-4.3).
The seed box should have agitators to keep seed
blended and prevent bridging, allowing for an even

Figure 4.1. Example of a conventional drill with double disk open-
ers and press wheels. (Photo by Glenn Shewmaker)

Figure 4.2. Example of a no-till drill. Front coulter disks cut sod or
residue prior to seed placement by double disk openers. (Photo by
Glenn Shewmaker)

Figure 4.3. Example of an ideal drill with depth-control bands on
the double disk openers and press wheels that firm the soil for
good seed-to-soil contact. (Photo by Glenn Shewmaker)



Table 4.1. Seeding rates of Pure Live Seed for grasses and legumes (irrigated® or non-irrigated with more than 18 inches annual precipita-
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tion). Use this table to calculate seeding rates for species and row spacings listed and to calibrate planting equipment.

6-inch row” 12-inch row
At 1 Ib/acre

Species Seeds/Ib seeds/ft2 Ib/acre Seeds/ft Ib/acre Seeds/ft
GRASSES
Brome

Meadow 101,000 2 10 11 10 21

Mountain 80,000 2 14 15 14 29

Smooth 136,000 3 7 10 7 20
Creeping foxtail 760,000 17 3 26 3 52
Kentucky bluegrass 2,177,000 50 3 58 3 117
Orchardgrass 650,000 15 4 23 4 45
Perennial ryegrass 227,000 5 6 6 6 13
Reed canarygrass 530,000 12 4 23 4 46
Tall fescue 227,000 5 6 16 6 32
Timothy 1,200,000 28 4 57 4 113
Wheatgrass

Intermediate 80,000 2 9 11 9 21

Tall 76,000 2 13 12 13 24

Western 114,000 3 8 10 8 20
LEGUMES
Alfalfa 225,000 5 6 14 6 28
Birdsfoot trefoil 380,000 9 5 27 5 54
Cicer milkvetch 135,000 3 8 14 8 27
Clover

Alsike 690,000 16 4 32 4 64

Ladino 800,000 18 3 28 3 55

White Dutch 768,000 18 3 28 3 55

Red 275,000 6 6 19 6 38
Sainfoin 22,700 1 45 16 45 31
Sweetclover 260,000 6 6 18 6 36

® Including subirrigated, water-spreading systems and land with limited irrigation water.

° For 7-inch drill rows, multiply the 6-inch row rate by 1.17.
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distribution of seed. If the drill does not have press
wheels or drag chains, you will need to roll or culti-
pack the field immediately following planting. How-
ever, planting, rolling, or cultipacking on wet soils may
cause soil crusting.

Alternate-row seeding is another option when planting
a legume with a grass, if your planter is so equipped.
Planting legumes in alternating rows between grass
rows decreases competition between the legume and
the grass, thus increasing the chances of successful es-
tablishment of the mixed legume-grass stand. Alter-
nate-row seeding is important in areas where seedling
establishment is challenging and for species that com-
pete poorly during the seedling stage.

Another option is a double-corrugated roller-planter
such as the Brillion seeder. This type of planter drops
the seed in front of an indented roller, which incorpo-
rates the seed and firms the soil. These planters re-
quire a very well-prepared seedbed with no surface
residues. They do not perform well in sandy or very
hard soils.

Broadcasting

You can broadcast seed on the soil surface with a fertil-
izer spinner or air applicator equipment. Broadcasting
is the preferred seeding method where conditions limit
the use of conventional planting equipment. Examples
include rocky areas, steep slopes, and wet soils.

To ensure a good stand when broadcasting, increase
the seeding rate by 30 to 100 percent. The higher rate
will compensate for poorly placed seed. Ideally, broad-
cast half the seed over the field in one direction and the
other half perpendicular or at an angle to the first pass.

Following broadcasting, immediately incorporate the
seed into the soil with a roller, cultipacker, or light har-
row. It is critical to cover the seed properly and firm
the soil. However, make sure the seed is placed no
deeper than 0.25 to 0.5 inch.

TIME OF PLANTING

Depending on location and environmental conditions,
planting can occur in spring, late summer, fall, late fall,
or early winter. When choosing a planting time, con-
sider the following: soil moisture (from precipitation
and/or irrigation), soil temperature, soil type, weeds,
and dates when killing frosts are likely to occur. Re-
gardless of planting time, we recommend preparing the
soil well in advance so that the field is ready when the
window of opportunity for planting is open.

Spring planting

Spring planting is recommended in many areas of the
Northwest. Spring planting can be especially advanta-
geous where winter annual weeds (e.g., cheatgrass,
medusahead, annual rye, or broadleaf weeds) are a
problem, as it allows for an additional tillage or herbi-
cide application before planting.

Plant when established pastures begin to grow well in
the surrounding area. If planting grass on sites prone
to soil crusting, such as clay to clay loam soils, plant as
soon as the ground is accessible to equipment.

Late-summer planting

Late summer is a good time for planting in some areas.
For most of the Pacific Northwest, late-summer plant-
ing is recommended only if irrigation water is available
for plant establishment. Monitor soil moisture and irri-
gate if moisture is inadequate to support good germina-
tion and emergence.

Most forage seedlings must be 2 to 3 inches tall (or
have three or more true leaves) in order to survive
killing frosts. For most grasses and legumes, this
amount of growth requires at least 6 to 8 weeks of
good growing weather. At high elevations, plant in
early August. In warmer areas of the Pacific North-
west, planting can be done as late as September 1.

Dormant fall or winter planting

In areas with less than 12 to 14 inches of annual precip-
itation, late-fall dormant plantings are recommended.
Dormant plantings are also recommended where soils
are too wet for conventional planting equipment dur-
ing most of the year. Under these conditions, planting
when soils are frozen may be the only option.

Plant late enough in the fall or winter to ensure that
low temperatures will delay germination. The seeds
will germinate the following spring, when they can
take advantage of winter soil moisture and spring pre-
cipitation. Dormant plantings are recommended for
grass-only planting since legume seeds often do not
survive the winter and early spring.

SEEDING RATES

Tables 4.2a through 4.2¢ give example seeding rates for
monocultures and mixes. Recommendations vary, de-
pending on local conditions. Contact your local univer-
sity extension office or a reputable seed dealer for
recommendations in your area.



Seeding rates for forages are based on Pure Live Seed
(PLS) rates. You will need to adjust these rates based
on the purity and germination rate of your seed. This

adjustment is a two-step calculation.

1. Calculate the percentage of PLS:

PLS = percent purity X percent germination
100

You can find information about percent purity and per-
cent germination on certified seed labels. For example,
if the seed label states 88 percent pure seed and 85 per-
cent germination, the PLS is 75 percent: (88 x 85) + 100
=Tb.

2. Adjust the per-acre seeding rate given in Table 4.1
and Table 4.2 based on the percentage of PLS:

adjusted seeding rate = (seeding rate x 100)
+ PLS

For example, if table 4.1 or table 4.2 suggests a
seeding rate of 15 pounds PLS per acre, and the PLS is
75 percent, the adjusted seeding rate is 20 pounds per
acre: (15 x 100) + 75 = 20.
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In this situation, you would plant 20 pounds of seed
per acre to attain the recommended rate of 15 pounds
PLS per acre. The higher amount accounts for contam-
inants in the seed and less-than-perfect germination.

You can also use PLS calculations to determine the
best value when comparing seed lots with different
prices, purity, and germination rates.

For help calculating seeding rates, see the University
of Wisconsin Extension Pasture and Hay Seeding Rate
Calculator (available at http:/www.uwex.edu/ces/
forage/articles.htm under the “Grazing/Pasture” head-

ing).

Legume seed inoculation

All legumes require inoculation with the proper strain
of nitrogen-fixing Rhizobium bacteria. Some legume
seed is sold pre-inoculated. Check storage conditions
and the shelf life of inoculated seed to be sure inocu-
Ium is still viable. If seed is not inoculated, or if inocu-
lum viability is in question, you will need to inoculate
the seed before or during planting.

Table 4.2a. Examples of pasture seeding rates in three types of soil in areas with at least 18 inches of annual precipitation and/or
irrigation (Ib PLS/acre). (For mixes, choose one or two grasses and one or two legumes (optional).)

Good/Deep Heavy/Clay Light/Shallow/Gravelly
Mix A Mix B Single species Single species Mix Single species

GRASSES

Perennial ryegrass — — 15 — — —

Smooth brome — 9 — 15 9 15

Orchardgrass 5 5 — — 5 —

Tall fescue — — 14 14 — 14

Meadow brome 9 — 14 — — —
LEGUMES

Alfalfa 1 1 1 1 1

Birdsfoot trefoil 1 1 1 1 1

Cicer milkvetch 1 1 1 1 1

Red clover 1 1 — — —

White clover 1 1 1 — —

Sainfoin 17 17 17 — 17 17

Notes: See page 38
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Table 4.2b. Examples of pasture seeding rates in areas with a high water table and at least 18 inches of annual precipitation and/or irriga-
tion (Ib PLS/acre).

Water table more than 20 inches Water table less than 20 inches Standing water for extended
below soil surface—Single species  below soil surface—Single species period—Single species

GRASSES

Tall fescue 14 14 —

Tall wheatgrass 14 — —

Creeping foxtail — 10 10

Reed canarygrass — 10 10

NewHy hybrid 18 — —

Timothy — 10 10
LEGUMES

Alsike clover 1 1 —

Strawberry clover 1 1 1

Birdsfoot trefoil 1 1 —

Table 4.2c. Examples of pasture seeding rates in three types of soil in areas with 14 to 18 inches of annual precipitation and/or irrigation
(Ib PLS/acre). (For mixes, choose one or two grasses and one or two legumes (optional).)

Good/Deep soil Heavy/Clay soil Light/Shallow/Gravelly soil
Single Single
MixA MixB MixC MixD species Mix A Mix B species Single species

GRASSES

Intermediate wheatgrass 7 8 7 — 14 7 7 14 14

Tall fescue — — — — 14 — — 14 _

Smooth brome 7 — — — 14 7 — 14 _

Dryland orchardgrass — 6 — 6 — — — — _

NewHy hybrid — — 9 9 18 — 9 — —
LEGUMES

Alfalfa 1 1 1 1 1 1 1 1 1

Sainfoin 17 17 17 17 17 — — — —

Notes:

* Recommendations vary greatly, depending on local conditions. Contact your local university extension office or a reputable seed dealer for specific species
and seeding rate recommendations for your area.

® Rates are pounds of Pure Live Seed (PLS) per acre. See page 37 for information on how to adjust rates based on percent purity and percent germination.
¢ Seeding rates are based on using a properly calibrated seed planter.

e |f broadcasting seed, add 30 to 100 percent more seed per acre.

Sources:

Adapted from Jensen, K.B., W.H. Horton, R. Reed, and R.E. Whitesides. 2001. Intermountain Planting Guide. AG510. Utah State University Extension.

Ogle, D., L. St. John, M. Stannard, and L. Holzworth. 2008. Grass, Grass-Like, Forb, Legume, and Woody Species for the Intermountain West. Plant Materials
Technical Note No. 24. USDA Natural Resources Conservation Service. Boise, ID, Bozeman, MT, and Spokane, WA.



Table 4.3 lists several legumes and their compatible
strains of Rhizobium bacteria. Some strains are com-
patible with multiple legume species. For more infor-
mation about legume inoculants and application
methods, see University of Idaho Extension publica-
tion CIS 838, Inoculation of Lequmes in Idaho.

Companion crops

Companion crops (cereals or peas) can help control
erosion on light soils and surface-irrigated sites. They
can also improve weed control and provide additional
first-year forage.

However, companion crops are usually not recom-
mended, as they can be too competitive with forage
seedlings. Direct seeding of grasses and legumes usu-
ally results in quicker establishment, higher overall
yield, and a better stand over most of the stand’s life.

The order of competitiveness (least to most competi-
tive) is as follows: peas, oats, spring wheat, rye, triti-
cale, and barley. When selecting a companion crop,
choose a variety with early maturity and short to
medium height to minimize competitiveness.

Plant cereal companion crops at one-fourth to one-
third the normal rate. Since cereals are planted deeper
than grasses or legumes, plant the companion crop be-
fore planting the forage crops. Some planters have dual
seed boxes so that the companion crop and forage
crop can be planted in the same operation. However,
make sure the grass and legume seed is planted no
deeper than 0.5 inch.

Ensure that ample moisture is available for both the

companion crop and the new forage seedlings. Mow or
harvest the companion crop at an early stage to reduce
competition and allow new forage seedlings to establish.

Another option where erosion is a problem is to plant a
cereal crop and allow it to grow about 4 to 8 inches
tall. Then kill the plants with glyphosate according to
label directions. Plant grasses and/or legumes directly
into the stubble.

New seeding maintenance

The long-term health of a pasture depends on proper
care during the establishment year. Good water man-
agement (chapter 6), fertility (chapter 3), weed control
(chapter 7), and mowing or grazing are all important.
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Table 4.3. Legumes and their associated Rhizobium bacteria inoc-
ulants.

Legume Rhizobium bacteria

Alfalfa Rhizobium meliloti

Sweet clover (yellow or white) Rhizobium meliloti

Alsike clover Rhizobium trifolii

Red clover Rhizobium trifolii
Strawberry clover Rhizobium trifolii
Subterranean clover® Rhizobium trifolii

White clover Rhizobium trifolii

Field peas (Austrian, dry, green)  Rhizobium leguminosarum

Birdsfoot trefoil Rhizobium loti

Cicer milkvetch Astragalus-specific Rhizobium

Sainfoin Rhizobium spp.

“Selected strains of Rhizobium trifolii specific for this legume species are
most effective.

Mowing is the best weed-control method during the es-
tablishment year. Clipping annual weeds above the
new seedlings stunts or kills weeds, thus reducing
competition and allowing the forage plants to grow. Al-
ways leave 4 to 6 inches of forage stubble to sustain
healthy plants and enable quicker recovery. Adequate
stubble is especially important in the fall, as it provides
young plants with food reserves for winter survival and
spring green-up. Over time, healthy forage stands will
outcompete annual weeds.

Herbicide use is limited in young stands due to unac-
ceptable damage to new grasses and legumes. How-
ever, some herbicides are available for control of
broadleaf weeds in new pastures. See chapter 7 for
weed-control options.

Ideally, you should not graze new pastures for at least
1 year, but you can use the “pull test” to determine
whether a new pasture is ready for grazing. Simply tug
sharply on a single forage plant. If the plant pulls out,
do not graze the pasture. If the forage passes the pull
test, the new pasture is ready for light grazing. Do not
allow grazing when the soil is saturated.
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CHAPTER 5

Growth, Development, and

Defoliation Responses of Pasture Plants

S. Fransen and T. Griggs

PASTURES TYPICALLY PROVIDE THE LOWEST-COST SOURCE OF
FORAGE (energy) in any livestock operation. Well-maintained irri-
gated pastures have few weeds, grow rapidly, produce high-quality
herbage for high animal intake, and recover rapidly following grazing.
Without periodic rest and recovery, however, the productivity of irri-
gated pastures is often less than their potential. The keys to having
more productive land and more profit are to adopt Management-in-
tensive Grazing (MiG) and to understand how plants grow. Then, by
monitoring and managing the structure, growth stage, physiology, nu-
tritional value, and defoliation of pasture plants, you can improve
your ability to do the following:
e Predict plant responses to environmental conditions and management
¢ Recognize when plant growth is reduced by deficiency of a particu-
lar nutrient
¢ Optimize the productivity, seasonal growth distribution, nutritional
value, persistence, and species composition of your pastures
In this chapter, we provide the knowledge needed to optimize pasture
growth and productivity. We discuss plant structure, forage growth
patterns, and the importance of energy reserves and residual leaf area
for plant regrowth. Grazing guidelines based on these factors are pro-
vided for grasses, legumes, brassicas, other forbs, and mixed pastures.
Other important considerations for grazing management include ani-

mal nutrition (chapter 10) and forage quality (chapter 11).

Key Points

¢ Understanding the positions and
activities of plant growing points
allows you to predict pasture
growth rates, species proportions
in regrowth of mixtures, and quan-
tities of regrowth.

e Pasture growth rates vary widely
across the growing season, with
peak productivity in late spring to
early summer.

e Forage species differ in plant struc-
ture and their response to defolia-
tion.

¢ Regrowth of grazed plants requires
energy from sunlight (captured by
live leaves) and mobilization of
stored reserves. Thus, both green
leaf area and stubble are impor-
tant. The relative importance of
these two energy sources varies
among species, with implications
for target stubble heights.

e In grasses, energy reserves are
stored primarily above ground in
stem bases. In taprooted legumes,
energy reserves are stored prima-
rily below ground. Thus, grasses
typically require higher stubble
heights after grazing.
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The morphological basis of
defoliation management

Understanding plant structure (also called morphology) and how
structure varies among species is important to grazing manage-
ment. In this section, we discuss key plant structure characteris-
tics as they relate to grazing management.

PLANT SHOOT STRUCTURE

Grasses and legumes are composed of repeating modules or sub-
units (phytomers). Each phytomer contains a leaf and bud at-
tached to a node (joint) that is positioned at the base of an
internode (figure 5.1). A fully developed leaf consists of a blade
and sheath in grasses, or leaflets and a petiole in legumes. A shoot
is a collection of phytomers, sometimes including an inflorescence.
In grasses, a shoot is usually called a tiller. We will use the term
shoot, however, as this term applies to both grasses and legumes.

In some cases, internodes are elongated and connected by visible,
palpable nodes. Elongated internodes and intervening nodes are
often referred to as “true” stem. In other cases, internodes are
compressed (unelongated), and nodes can be neither seen nor felt
(1A in figure 5.2). A plant with a collection of unelongated intern-
odes and intervening nodes may be referred to as “stemless.”
Thus, shoots may range from having visible leaves but no visible
stem to having leaves attached to an elongated stem with or with-
out an inflorescence (figure 5.2). As shoots age, leaves die and
may fall off of the lowest nodes.

The life span of a shoot is typically less than one growing season or
year. Depending on the growth stage at grazing or cutting, many an-
nual forages have little or no regrowth potential during a growing
season. Most perennial pasture species, on the other hand, can have
multiple growth cycles during a season. The persistence of peren-
nial grasses and legumes over multiple seasons is based on a suc-
cession of short-lived or annual shoots. Perennials are able to live
for multiple years because some of their growing points can survive
the winter and resume growth during the next growing season.

MERISTEM LOCATIONS AND ACTIVITIES

Growing points, also known as meristems, are sites of cell division
and growth. Meristems give rise to new leaves, stems, roots, and
inflorescences, as well as to additional meristems and new shoots.
There are three meristematic sources of tissue growth in grasses
and legumes: apical, intercalary, and axillary meristems

(figure 5.1). Each of these meristems is described below.

Meristems are important because they are the source of all plant
growth. In later sections of this chapter, we will see how the posi-
tions and activities of meristems vary (depending on species, plant
growth stage, and plant height) and how those differences affect
grazing decisions.

Key Terms

Crown—Junction where plant shoots and
roots meet, near the soil surface. A pasture
plant may have a single shoot or multiple
shoots arising from the same crown.

Inflorescence—Reproductive portion of a
plant (flowers or seedhead). Found at the ter-
minal ends (tops) of tillers or branches.

Long-shooted species—A species whose in-
ternodes elongate during vegetative growth.

Meristem—A growing point, or site of cell di-
vision and growth. Meristems give rise to new
leaves, stems, roots, and inflorescences, as
well as to additional meristems and new
shoots.

Phytomer—A single module of a plant shoot.
Each phytomer contains a leaf and bud at-
tached to a node that is positioned at the
base of an internode.

Shoot or tiller—A collection of phytomers,
often called a tiller in grasses and a shoot or
branch in legumes.

Short-shooted species—A species whose in-
ternodes do not elongate during vegetative
growth.

Vernalization—Process of inducing plant
flowering through environmental signals (de-
creasing day length and/or low temperatures)
during fall or winter. Vernalized shoots flower
and set seed during the following growing
season.
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Meristem locations:

KW
Apical (end of stem) \/ \

Intercalary (base of
blade, sheath, and Collar (junction of blade and sheath)

Leaf blade

internode)
«— Leaf sheath

Axillary (at node)
Internode (inside leaf sheath)

Axillary bud (inside leaf sheath)

Node

Figure 5.1. Locations of meristems and components of a grass phytomer, the repeating subunit of plant structure. A fully developed grass
leaf consists of a blade and sheath joined at the collar, which forms when the leaf is fully elongated. On a legume phytomer, the leaf con-
sists of multiple leaflets at the end of a petiole that is attached to a node.
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Figure 5.2. Differing growth patterns of grass tillers during spring and regrowth cycles following defoliation (V = vegetative, R = reproductive
shoot apex). All shoots have axillary buds as in 1A. Shoots 1A and 2A are vegetative shoots of short-shooted species with a vernalization
requirement for flowering. Shoots 1B and 2B are vegetative shoots of long-shooted species with a vernalization requirement for flowering.
Shoot 1C is a reproductive shoot of a short- or long-shooted species that (a) formed the previous fall and has a vernalization requirement
for flowering, or (b) formed in spring and has no vernalization requirement for flowering. Shoot 2C is a reproductive shoot of a short- or long-
shooted species that formed in summer and has no vernalization requirement for flowering. Shoots 1A and 1B were vernalized the previous
fall, survived winter, and shifted to 1C in spring. Shoots 2A and 2B formed during summer and remained vegetative during a regrowth cycle
because they were not vernalized. If shoots 2A or 2B did not have a vernalization requirement for flowering, they could shift to 2C.
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Apical meristems

An apical meristem (also known as a shoot apex or
root apex) is located at the growing end of each stem
and root. Note that stolons and rhizomes are stems
that grow horizontally above or below the soil surface.
They have the same structure as a vertical stem, in-
cluding an apical meristem at the growing end.

A vertical stem is short and remains near ground level
if internodes have not elongated (1A, 2A in figure 5.2).
A stem can be in a vegetative (1A, 1B, 2A, 2B) or repro-
ductive (1C, 2C) stage, depending on the tissues pro-
duced by the apical meristem. A vegetative apical
meristem produces leaves, internodes, nodes, root ini-
tials, and axillary buds below it, but does not produce
inflorescences. It remains positioned above the most
recently generated tissues.

Root initials are specialized meristematic cells located
at the bases of internodes. They may generate so-called
nodal or adventitious roots at a later date. These nodal
roots form at the base of a shoot and near nodes on
rhizomes and stolons. These are the meristems that
allow cuttings to root after planting.

A veget